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Entomology in Malaria Control 
H. F. Scnoor, North Carolina State Board of Health, Raleigh 


The importance of entomology in ma- 
laria control work has greatly increased in 
the past 4 years. This augmentation in it- 
self is not surprising; the surprise lies in 
the fact that the value of entomology in 
malaria control has been virtually un- 
recognized for so long a time. As pointed 
out by Bradley (1944), the control of ma- 
laria involves three professions, medical, 
engineering, and entomological with the 
primary responsibility resting with the 
malariologist. For decades the malariolo- 
gist and the engineer were the chief scien- 
tists concerned in the control of this dis- 
ease. However, with the continued method 
of attack being vector control it became 
more apparent as time went on that a 
greater knowledge of mosquito biology 
and taxonomy must be secured. The duty 
of the entomologist is to supply this 
knowledge. 

In 1937 a significant step was taken 
when the health departments of six south- 
eastern states and Kentucky employed 
entomologists to work on malaria control. 
Williams (1940) reported that of the 16 
states in the malaria belt at least 12 in- 
cluded an entomologist on the malaria 
control unit. The onset of the war found 
the value of entomology in disease control 
recognized by the armed forces although 
neither was fully aware of its usefulness. 
As the war progressed, however, utiliza- 
tion of entomologists increased until to- 
day full cognizance of their services is be- 
ing made. Hardenbergh (1944) states that 
in the Army the greatest use of entomolo- 
gists has been in malaria survey units. 
Bradley & Hanson (1943) point out the 
extensive use of entomologists on the Ma- 
laria Control Program in War Areas. 

The foregoing paragraphs give a brief 
insight into the progress entomology has 
made in the field of malaria control during 
the past eight years. It is the purpose of 


this paper to discuss the functions of ento- 
mology in malaria control, giving exam- 
ples of how these functions have been 
carried out on the program in North Caro- 
lina. 

Entomology has two primary purposes 

in malaria control work: 

1. To make anopheline density studies in areas to 
secure the necessary data for determining 
whether or not control measures are needed. 

2. In areas under control to provide accurate in- 
formation for the conduction of the larvicide 
and occasionally the drainage program. Under 
this phase the entomologists provide data to 
confine the control work to the specific species 
involved and to check on the effectiveness of 
control operations. 


Darling’s (1910) work in Panama of 
placing Anopheles albimanus as the chief 
malaria transmitter in that area led to the 
concept of “species sanitation”; the prin- 
ciple which underlies the first function. 
This function has served to prevent the 
initiation of control programs in many 
areas where such measures were unneces- 
sary. In the southeastern states three spe- 
cies of anophelines, Anopheles quadri- 
maculatus Say, A. crucians, and A. punc- 
tipennis, are common; but the first named 
is the principal malaria transmitter. Con- 
sequently, the separation of these species 
has been required together with the usual 
distinction of anopheline and culicine 
genera. 

To determine whether control measures 
are needed in an area the entomologist 
establishes a number of adult resting sta- 
tions within a quarter-mile of the protect- 
ed activity and visits these at regular one 
to three week intervals. The frequency of 
the visits depends upon the importance of 
the protected activity. Animal sheds are 
utilized exclusively for this work; only 
when this type is not available are culverts 
and other non-baited shelters used. In 
some cases one or two weekly visits will 
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reveal the need for control; at other times 
a month or more may elapse. When the 
Anopheles quadrimaculatus counts con- 
tinue to remain low, the adult stations are 
checked throughout the season and us- 
ually for several years. 

In 1942 the urgency for the control of 
malaria in the United States caused ope- 
rations to start in numerous areas before 
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from the protected activity. Results such 
as these clearly substantiated the 1942 
decision to cease larvicidal operations. In 
1944 three adult inspections revealed 10 
A. quadrimaculatus. For the season of 1942 
between $4000 and $5000 was expended in 
this zone; in 1948 the cost of one inspector 
amounted to approximately $500; in 1944 
an expenditure of $15 to $20 was made. 


Table 1.—Number of adult Anopheles quadrimaculatus, A. crucians, and A. punctipennis taken in 
catch stations in the Camp Sutton-Monroe zone in 1942, 1943, and 1944. 








NuMBER STATION 
COLLECTIONS 





1942 (6 visits) 
1943 (19 visits) $42 49 16 
1944 (3 visits) 25 0 3 


Anopheles Specitzs TAKEN 














puncti- 

quadrimaculatus crucians pennis 

A BCD E ABCD ABCD 
8 16 — 2 20 
40 13 72 1 68 
10 0 10 0 + 





Table 2. Number of substations positive for Anopheles quadrimaculatus and number of larvae of 
A.quadrimaculatus, A. crucians, and A. punctipennis taken in Camp Sutton-Monroe zone in 1942 and 




















1943. 
NUMBER SUBSTATIONS Anopheles Lanvan TAKEN 
PosITIVE FOR - — $$ 
A. quadrimaculatus quadrimaculatus crucians punctipennis 

1942 1943 1942 1948 1942 1943 1942 1943 
A band! 0 2 0 3 0 0 3 551 
B band 0 6 0 15 0 1 15 147 
C band 1 9 1 73 7 7 58 250 
D band l 0 1 0 0 3 47 236 

2 17 2 91 7 ll 123 1184 





it was possible to secure sufficient ento- 
mological data to determine the need for 
such work. In North Carolina the Camp 
Sutton-Monroe zone was under larvicide 
treatment in 1942, but the data (Tables 1 
and 2, 1942) showed only a limited 
amount of Anopheles quadrimaculatus 
breeding, so operations ceased in 1943 ex- 
cept for the employment of a full-time in- 
spector to make weekly larval and adult 
checks throughout the zone. The data ob- 
tained in 1943 (Tables 1 and 2) revealed 
that even without control measures A. 
quadrimaculatus production was too small 
to be significant. In both larval and adult 
stages Anopheles punctipennis was the 
prevalent species. In addition the majority 
of the A. quadrimaculatus larvae were col- 
lected half to three-quarters of a mile! 


1 Letters wherever used in article refer to distance station is 
from protected activity: A=zero to one-quarter mile; B =one- 
quarter to one-half mile; C =one-half to three-quarters mile; 
D =three-quarters to 1 mile; E =more than 1 mile. 


In the period 1942 to 1944 full operation 
of 14 zones has been modified to the in- 
spection of adult stations only. These 
changes indicate that the concept of 
“species sanitation” is a sound one and 
should be followed on all malaria control 
work. The practice of general mosquito 
control under the guise of malaria control 
is to be avoided since the latter phase only 
suffers in the eyes of the general public 
and budget commissions through such a 
coalition. 

Control work preceding entomological 
studies is unsound since Anopheles quad- 
rimaculatus potentialities are not evident 
through other means. The statement, 
** ‘quads’ are where you find them,” is the 
only positive feature about Anopheles 
quadrimaculatus. Automobile diagnosis of 
A. quadrimaculatus breeding areas is a use- 
less, expensive substitute for entomolog- 
ical data. 
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The second function of entomological 
service becomes active whenever it is 
deemed advisable by the first to conduct 
control operations. In this phase the work 
of the entomologist must be closely coor- 
dinated with that of the engineer since the 
latter is responsible for carrying on the 
control work. Fellton (1943) considers the 
entomologist as an “intelligence unit” 
serving the engineer. This simile fits very 
well. 

In the present war situation it has not 
been possible to include an entomologist 
with each control unit in North Carolina. 
However, reliable individuals, preferably 
with two or more years of college work, 
after brief training periods have served 
very well as entomological inspectors. In 
practice one entomologist or inspector is 
placed in charge of the entomological work 
in two to five zones.' Under his super- 
vision lesser qualified men are employed 
as “dippers” to test for breeding. The in- 
spector visits the adult stations, super- 
vises the “dippers,”’ prepares all reports, 
identifies adult and occasionally larval 
specimens, and carries on larval inspection 
whenever necessary. 

Each adult and larval station in a zone 
is given a number and a distance letter. 
Whole numbers assigned to a larval sta- 
tion serve only for the quick location of 
the corresponding substations on the map 
and not for designating water courses. 
Reference to a station number auto- 
matically includes all its substations. In 
the field each substation is marked by a 
small sign bearing the proper number. 

The adult stations are visited weekly 
on the same day for a 10-minute sample. 
The organization and uses of these sta- 
tions have been discussed (Schoof 1944). 
Generally, larval substations are visited 
routinely once every 8 days as long as no 
anopheline breeding occurs. Substations 
that show large anopheline larvae (third 
and fourth stages) are oiled and rechecked 
24 to 38 hours later to test the effective- 
ness of the larvicide treatment. Substa- 
tions with only small anopheline larvae 
first and second stages) are rechecked 
+ days later. Dippers work as a group 
in a map section so that oiling of posi- 
tive substations the following day may 
be confined to one or two map sec- 
tions. Such a procedure prevents the pos- 
sible confusion on the part of the oiling 


' A zone includes 5 to 60 square miles of control work. 
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crew brought about by spot oiling, and re- 
duces travel time and expense. Slight vari- 
ations from these methods occur in the 
different zones in the state, but the basis 
is essentially the same for all. 

Larvicide treatment in each zone us- 
ually is on a selective basis, i.e., oiling or 
dusting only those substations where large 
anopheline larvae are found. In some zones, 
where Anopheles quadrimaculatus larvae 
are consistently taken at each inspection 
of certain larval stations, such stations are 
placed on a routine oiling schedule of 9-10 
days, inspection being confined to the 24 
to 48 hour check following treatment. It 
would be desirable to limit oiling to sta- 
tions showing A. quadrimaculatus larvae 
rather than large anophelines were field 
identification possible by the inspector. 
Lack of equipment and highly trained per- 
sonnel, however, make it necessary for 
larval specimens to be sent to a central 
office for determination, so that for safety, 
general anopheline control is practiced. 
As A. quadrimaculatus is less abundant 
than either A. crucians or A. punctipennis 
in many zones in North Carolina, the ap- 
plication of “species sanitation” to larvi- 
cide work is particularly desirable. An 
example of such control will be discussed 
later. 

In a zone under control there is gener- 
ally no necessity for having complete in- 
spection over the entire area within one 
mile of the protected activity. The outer 
control bands (C & D) are usually given 
less consideration than the inner (A & B) 
ones since, unless blood meals are not 
available, Anopheles quadrimaculatus rarely 
flies in any great numbers more than a 
half-mile from its breeding place. Inspec- 
tion work in the outer bands may be 
limited to adult stations or to semimonthly 
or monthly larval inspections. Frequently 
distribution of inspection work is upon 
the basis of map sections. Although the 
limits of any map section are artificial, 
such allocations of inspectional duties 
have been satisfactory. 

The application of the points in the pre- 
vious paragraphs can be illustrated by 
the Goldsboro zone as an example. In 1943 
the 12 sections of the zone were on a rou- 
tine basis of oiling every 10 days with 
inspection being chiefly a 48-hour check 
on oiling operations plus weekly visits to 
adult stations. The data from the 1943 
program were analyzed and applied to 
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Table 3.—Comparative larval and adult data on Anopheles. Goldsboro Zone 1943 and 1944 


(May 1 to October 1). 








A, quadrimaculatus adults in A stations 

A. quadrimaculatus adults in BCD stations 
A, quadrimaculatus adults in E stations 
“Quad” positive larval substations 

. quadrimaculatus larvae taken 

. erucians larvae taken 

. punctipennis larvae taken 

. erucians adults taken in ABCD stations 


aS, wa 
— ee ee ee ee 


. punctipennis adults taken in ABCD stations 


1943 1944 
aod nals 51 (484) 
652 (191) 109 (269) 

1250 (68) 1223 (50) 

21 23 

47 38 
113 104 
200 848 
512 216 
212 223 





1 Figures in parentheses refer to number of collections made. 


operations for 1944; the principal recom- 
mendations being to place the entire zone 
on selective oiling, to concentrate work in 
sections A-2, B-3, and B-4, and to curtail 
larval inspection in Section B-1 using 
weekly visits to the adult stations as a 
check. This plan was carried out, further 
modifications being made as the season 
progressed; e.g., larval inspection in A-1 
ceased in 12 of the 23 stations after 
August 22, 

A comparison of the results for 1943 and 
1944 (Table 3) shows that the recom- 
mendations were sound; Anopheles quadri- 
maculatus adult densities in 1944 in the 
“A” stations being less than in 1948. 
Counts in stations in this control band 
are the only true indices to the effective- 
ness of a control program. Densities in the 
“BCD” stations also were lower in 1944 
than in 1943. The check stations in the 
“E” area, however, contained approxi- 
mately the same densities for both years 
indicating that the natural abundance of 
the species was similar. Section B-4 was 
dropped from the control area early in 
1944; but as its inclusion in 1948 occurred 
late in the season and since it contained 
no “A” adult stations, the reduction had 


little effect upon the data. An insignifi- 
cant decrease in area also took place in 
Section C-3. 

In 1948, 5359 gallons of oil were used 
in the Goldsboro zone; in 1944 the amount 
dropped to 233 gallons, a saving of 5126 
gallons or $492.10. If the cost of applying 
this oil is estimated at 75 cents per gallon, 
a total saving of $4336.60 has been ef- 
fected. Almost 100 per cent of this saving 
was due to selective oiling as other control 
measures (drainage) were at a minimum 
during this period. 

This same type of saving has occurred 
in the other seventeen zones of the state 
since 1942. Factors such as drainage, 
weather conditions, and reduction in con- 
trol area have led to reduced oil consump- 
tion in successive years, but drastic de- 
creases have been made by selective oiling. 

At the Fort Bragg Zone in 1944 the 
concept of species sanitation was strictly 
practiced, oiling being carried out only at 
those substations where Anopheles quadri- 
maculatus was taken. The results in 1943 
indicated the need for such a move, and 
the comparative entomological data for 
the two years (Table 4) reveal the sound- 
ness of the step. No separate figures for oil 


Table 4.—Comparative larval and adult data on Anopheles. Fort Bragg zone 1943 and 1944 (May 1 


to October 1). 








A. quadrimaculatus adults in A stations 
A. quadrimaculatus adults in BCD stations 
A. quadrimaculatus adults in E stations 
“Quad”’ positive larval substations 

A. quadrimaculatus larvae taken 

A. crucians crucians larvae taken 

A. crucians georgianus larvae taken 

A. punctipennis larvae taken 

A. crucians adults taken in ABCD stations 
A 


. punctipennis adults taken in ABCD stations 


1943 1944 
9 (107) 19 (160) 
17 ( 73) 7 (127) 
2( 13) 344 ( 20) 
0 2 
0 2 

107 538 

71 570 

49 281 

263 369 

222 474 





1 Figures in parentheses refer to number of collections mau 
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consumption in this zone are available; 
the only ones secured applied to both the 
Fort Bragg and Fayetteville zones. Con- 
sideration of these combined figures for 
the two years shows a reduction from 
13,673 gallons in 1948 to 1496 in 1944, a 
saving of 12,177 gallons. As conditions in 
the Fayetteville zone were essentially the 
same both years, approximately 90 per 
cent of the reduction occurred in the Fort 
Bragg zone. Thus a saving of $1095.93 was 
effected in oil consumption alone. Cost of 
application of this oil at 50 cents per gal- 
lon! would amount to $5479.65, a total 
saving of $6575.58 being made possible 
through “species sanitation.” 

A considerable reduction in oil consump- 
tion in the state has been brought about 
by the delay of oiling in the spring until 
data definitely show that Anopheles 
quadrimaculatus production has begun. 
Scattered slight breedings at this time are 
ignored. In 1942 general oiling commenced 
around April 15; in 1943 and 1944 with 
entomological data it was not necessary to 
oil until May 20 and June 1. One zone had 
little A. quadrimaculatus breeding until 
mid-August in 1944, whereas in 1943 such 
breeding occurred in June. 

The functioning of entomology in 
malaria control has also led to increased 
efficiency of operations, a contribution 
which is probably of greater significance 
than the benefits derived from the reduc- 
tion in larvicide measures and control 
projects. Malaria control is now on a 
scientific basis; the phrase “anopheline 
densities” has replaced “gallons of larvi- 
cide used” as the criterion of the effective- 
ness of operations. 

It is to be emphasized that there is no 
stereotyped plan of operation in the 
coordination of control and inspection 
phases. Different zones of operation may 
require different interpretation of similar 
data, t.e. large swamps in certain sections 
of the state require extensive control, 
heavy breeding of Anopheles quadrimacu- 
latus occurring therein; in other regions 
such swamps have little A. guadrimacu- 
latus breeding, A. crucians being the 
prevalent species. In addition, the year to 
year variation in ecological conditions 
bring about operational changes in the 
same zone. The problem being fluid 
requires control of a similar nature. 


‘ The difference in application cost for Goldsboro and Fort 
Bragg is due to variation in types of water courses in each zone. 
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As has been illustrated in foregoing 
material, the application of entomological 
practices to malaria control has led to 
increased efficiency of such work and at 
the same time reduced the amount of 
expenditures. It is the opinion of the 
writer that so long as the principal method 
of the suppression of malaria is by the 
control of the vector, the problem is pri- 
marily an entomological one. Therefore, 
larvicide treatment should be carried out 
under entomological supervision since for 
efficient, economical work in this phase, 
a person thus trained is far more able to 
interpret accurately the biological aspects 
of the problem in relation to control 
operations. 

Major drainage and other methods of 
water elimination on the other hand call 
for engineering skill. Such work, however, 
should be based upon entomological find- 
ings. 

The aforementioned control organiza- 
tion is contrary to the usual field opera- 
tions of malaria control where the engi- 
neer supervises both larvicidal and drain- 
age work, the entomologist being con- 
cerned only with the collection of data 
for use by the engineer. Although the 
writer believes entomological supervision 
of larvicide work is the best means of 
efficient, economical operation, it has 
been evident to him that today many 
entomologists do or will not recognize 
that malaria control is chiefly a practical 
problem. Fellton (1943) points out that 
the entomologist must overcome his 
instinct for research and realize that 
investigation of extraneous details in 
regard to the problem, no matter how 
interesting, are of strictly secondary im- 
portance. This criticism is valid and has 
in many cases effectively barred the 
entomologist from active supervision of 
larvicide work. Until entomological work- 
ers align themselves along the practical 
axis of malaria control they cannot hold 
the position which is open to them. Re- 
search isa vital part of malaria control; but 
when included in field applications at the 
expense of the latter, both aspects suffer. 
Scientific research must be planned; con- 
clusions based on “miscellaneous” field 
data lead only to faulty recommendations. 

The future of the entomologist in 
malaria control work is promising, partic- 
ularly if adaptation is made toward the 
practicality of the problem.—3-12-45. 





522 


JoUuRNAL OF Economic ENTOMOLOGY 





Vol. 38, No. 5 


LITERATURE CITED 
Bradley, G. H. and Hanson, H. G. 1943. Entomological services in the regulation of the larvicide pro- 


gram. Journ. of Natl. Mal. Soc. II(2): 21-8. 


Bradley, G. H. 1944. Malaria control in war areas in the United States 7 the U. S. Public Health 
M 


Service I. Entomological Phases. Proc. 31st Annual Meeting N. J. 


osq. Exterm. Assoc. 


Darling, S. T. 1910. Studies in relation to malaria. Rpt. Isthmian Canal Comm. G.P.O. Washington. 
Fellton, H. L. 1943. Entomological services in the regulation of the larvicide program. Journ. of Nat). 


Mal. Soc. II(2): 29-30. 


Hardenbe: W. A. 1944. Entomologists and the Sanitary Corps. Jour. Econ. Ent. 37(4): 465-7. 


Schoof, H. 


- 1944. Adult observation stations to determine effectiveness of the control of Anopheles 


quadrimaculatus. Jour. Econ. Ent. 37(6): 770-9. 
Williams, L. L. 1940. Malaria Control Activities. Southern Med. Jour. 33(8): 894-7. 


Insect Damage to Nylon 


R. L. Parron'* Cornell University, Ithaca, N.Y. 


Substantiated reports of damage to 
finished nylon hosiery in the shipping 
room of a New York finishing mill caused 
by the larvae of one or more species of 
carpet beetle led to a series of studies and 
an attempt to isolate the factors which 
give rise to the attractiveness of nylon to 
these insects. 

The insects used for testing included 
Anthrenus verbasci (Linn.); Anthrenus 
voraxr Waterhouse; Attagenus piceus Oliv- 
ier; and the webbing clothes moth. 
Tineola bisselliella Hummel. Anthrenus 
verbasci proved itself to be the most 
serious pest to fabrics of this type but 
feeding damage was observed with each 
species. 

MATERIALS AND Mertnops.—Experi- 
mental work with nylon consisted of a 
series of feeding tests in which the factors 
of preference position of the materials in 
the culture containers and the nature 
of treatment given the materials were 
observed. Additional work on olfactory 
response and respiratory quotients was 
attempted. 

For feeding experiments samples of the 
variously treated fabrics were placed 
between pieces of thin cardboard so that 
an area of 2.25 square centimeters was 
exposed. The samples so prepared were 
placed in metal containers according to 
a definite pattern and incubated at 28° C. 
with from one to 20 larvae. The duration 


1 From the Laboratory of Insect Physiology, Cornell Univer- 
sity, Ithaca, N. Y. 

* Acknowledgement is made to Dr. Grace Griswold of Cornell 
University for her assistance and advice in handling the test 
insects; and to the Merrill Hosiery Co. of Hornell, N. Y., the 
Duffy Silk Co. of Buffalo, N. Y., and the E. I. duPont de Ne- 


mours Co. of Wilmington, Delaware for their assistance in fur- 
nishing various of the materials used in the experimental work. 


of the feeding tests was from 1 to 4 weeks. 
Individual containers were checked every 
other day and the amount of damage 
was estimated by the number of feeding 
holes observed. Records were kept photo- 
graphically. . 

Olfactometry tests were attempted 
using a specially constructed olfactometer 
which satisfied the criteria for such an 
instrument as set up by Hoskins & Craig 
(1934). 

Respiratory quotients were calculated 
from data obtained using a battery of 
Fenn respirometers equipped with side 
arms containing conductivity electrodes. 
With this type of instrument it is possible 
to measure the carbon dioxide liberated 
by the organism as well as the oxygen 
consumed. 

Fabrics tested included finished nylon 
from old hosiery derived from many 
sources; new finished nylon; unfinished 
but knitted nylon; a rough cloth woven 
from sized nylon yarn; a fabric woven 
from dry nylon; cotton muslin; and 
cotton gauze. 

Finishing materials included a_poly- 
vinal alcohol size; and scours including 
two sulfonated oils and a sulfated alcohol. 
These materials were used according to 
the commercially practiced procedures. 

Resutts.—From preference tests with 
samples of finished nylon of unknown 
pre-treatment as compared to samples of 
a brown wool cloth upon which the 
cultures were reared it was demonstrated 
that the active larvae of Anthrenus 
verbasci preferred nylon. In these tests one 
larva was placed in a container with a 
sample of wool and a sample of nylon. 
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‘The chance of contact was equal for each. 
After 10 days exposure it was observed 
that ot 12 larvae, only six had fed. These 
had made 45 holes in the nylon samples 
and no visible feeding was observed on 
the wool. Of the six larvae which did not 
feed; two died, one moulted, and one 
pupated. 

Subsequent feeding tests demonstrated 
that the position of the test materials 
with respect to others in the same con- 
tainer made no difference in the feeding 
of the larvae upon the material of their 
choice. 

In a starvation test which was carried 
out under conditions similar to those 
which might be expected in a storage 
warehouse, one larva made 40 holes in a 
piece of clean nylon 2 inche. square during 
an exposure of 10 days. This gives an 
indication of the potential danger of this 
insect to these fabrics. 

Further tests with various fabrics 
which had been subjected to several 
degrees of processing showed that the 
scoured nylon was definitely more attrac- 
tive than the dry nylon or the sized nylon. 
Samples of cotton cloth treated in the 
same way showed the same results. Of the 
three scours tested, the first scour which 
contained a sulfonated oil and sodium 
silicate imparted the greatest attraction, 
the sulfated aleohol which is both a scour 
and a finishing agent gave the next degree 
of attraction, and the third scour which 
was a sulfonated oil (different from the 
first) showed the least attraction. 

Olfactometry tests showed no indica- 
tion whatsoever that these insects respond 
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to olfactory stimulation in the search for 
food. 

The respiratory quotient measurements 
were too erratic to be of value in the 
estimation of the nature of the food being 
metabolized by the insects. 

Microscopic examination of the foecal 
pellets from larvae reared upon nylon 
showed short sections of the material 
which appeared to be intact. In some 
cases slight indentations were noticeable 
upon the surface and in most instances 
the fibers appeared to about 0.02 mm. 
greater in diameter than the uneaten 
fibers. Examination of the digestive tracts 
of larvae which had been exposed to dry 
nylon was made using gross dissection, 
frozen section, and fixed sections. In one 
doubtful case it appeared that the insect 
had nibbled slightly at the material. No 
damage was observed on any fabric woven 
from dry nylon. 

Conc.iusions.—Nylon which is_fin- 
ished completely or which has been fin- 
ished through the scouring process is very 
susceptible to damage by the larvae of 
several species of carpet beetles, and 
especially those of Anthrenus verbasci. The 
important factor in the attractiveness is 
not connected with olfactory stimulation. 
The larvae do not digest the eaten nylon 
although it is conceivable that they could 
acquire a small amount of nutritive value 
from it. From observations made it ap- 
pears that the tactile senses of the insect 
are of great importance in their selection 
of food, therefore, the finish imparted to 
the fiber is probably the critical factor. 
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Some Dinitrophenol Derivatives as Mosquito Larvicides' 
H. I. Macy and W. M. Hoskins 


The dinitrophenol group of compounds 
has attracted considerable interest among 
entomologists for several years and cer- 
tain members of the group have become 
established as commercial insecticides. 
However, little attention appears to have 
been given to their possible use as mos- 
quito ovicides and larvicides. In a lab- 
oratory investigation with third and 
fourth instar larvae of Culex pipiens L., 
C. territans Walk and C. quinquefasciatus 
Say, Campbell et al. (1934) found 3.5 
dinitro-o-cresol to kill all larvae in 24 
hours at a concentration in water of 
1:10,000, some of the material being 
present as solid particles. At 1:40,000 less 
than 50 per cent were killed. 

MATERIALS AND ProcepuRES.—Three 
compounds were tested, namely, 3,5 
dinitro-o-cresol (DNOC), 2,4 dinitro-o- 
cyclohexyl phenol (DNOCHP) and the 
dicyclchexy! amine salt of the latter com- 
pound (DCA-DNOCHP), hereafter, for 
convenience, referred to by the letters in 


parenthesis. Both Eastman’s pure 3,5 
dinitro-o-cresol and a sample prepared 
by fractional crystallization from a com- 
mercial material were used with no ap- 
preciable difference in results. The other 


two compounds were prepared in a 
similar manner from commercial prod- 
ucts. In the experiments with solutions 
the latter was prepared warm at higher 
concentration than desired and then 
cooled, filtered and diluted to exact con- 
centration for use with care that no 
particles were present. When it was 
desired that particles should be present, 
the solutions were prepared as above at 
the desired concentrations and the neces- 
sary amount of a strong solution in 
acetone (never over one cc.) was added 
just before the larvae were introduced. 
The dinitro compound was thrown out of 
solution in acetone as very fine particles 
and thus opportunity was given for the 
larvae to swallow particles of the sub- 
stance. Except when added to saturated 
solutions these particles, of course, grad- 
ually passed into solution, but this is a 
slow process at ordinary temperature 


1 Contribution from the laboratory of insect physio 
toxico , Division of Entomology and Parasitology, 
sity of ‘ornia. 
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and some solid remained at the con- 
clusion of each such test. Separate ex- 
periments showed that the amounts of 
acetone introduced are without effect 
upon the larvae either with or without 
the presence of a dinitro compound. 

In the case of solutions in which un- 
dissolved dinitro compounds were also 
present in suspension, the concentration 
of dissolved material was determined by 
carefully filtering out the solid particles, 
making the filtrate alkaline and com- 
paring the color developed with that in 
solutions of known concentration accord- 
ing to the procedure of Boyce et al. 
(1939). The total dinitro compound added 
less that in solution gave the amount left 
in suspension. 

All pH values of water samples and 
solutions were determined by use of a 
glass electrode and Coleman electro- 
meter. For determination of the pH of the 
gut contents of mosquito larvae a number 
of late third and early fourth instar larvae 
were placed in beakers each containing a 
dilute solution of one of five indicators 
(bromcresol purple, bromthymol blue, 
phenol red, cresol red and thymol blue) 
chosen to cover the range from pH 5.4 to 
9.6. The colors assumed by the indicators, 
which may be observed easily by turning 
the larvae upon their backs, indicate the 
pH of the various regions of the digestive 
tract. 

Eggs of the mosquito Culiseta incidens 
(Thomson) were collected from Straw- 
berry Creek, which runs through the 
University campus, and placed in beakers 
containing the same water and a pinch 
of dried brewers’ yeast. Hatching and 
growth were normal and mortality low. 
For toxicity tests larvae were used in the 
first and fourth instars and a few ovicidal 
tests were made. A small pinch of dried 
brewers’ yeast was added to all test 
solutions which were kept at laboratory 
temperature, usually within the range 
20-23° C. Counts of dead and moribund 
larvae were made at the end of 24 and 48 
hours. At the end of the latter period the 
surviving larvae were removed to creek 
water with a pinch of dried brewers’ 
yeast added and observations were made 
at intervals thereafter. Forty eight hours 
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was chosen arbitrarily as the total length 
of exposure on the assumption that in 
practical control work an application of 
chemical could not be expected to last 
longer than that period on account of 
movement of water, reaction with solutes 
or suspended matter, ete. 

It was shown by Boyce et al. (1939) 
that the solubility of DNOCHP in 
aqueous solutions increases markedly as 
the pH rises. Preliminary tests made 
during the present work showed that this 
same condition prevails with DNOC and 
DCA-DNOCHP also. Hence with alka- 
line waters fine particles, e.g. those in a 
dust, dissolve more rapidly than in the 
case of acidic waters. In either case, cf 
course, the process is hastened by rise 
in temperature. In order to determine 
what would happen in a practical case an 
excess of finely ground DNOCHP and of 
DCA-CNOCHP was added to samples of 
Strawberry Creek water (pH 7.3) and 
kept with occasional shaking at its 
natural summer temperature for about 
12 hours. The amounts in solution then 
were 11 mg. per liter for DNOCHP and 
82 mg. per liter for its DCA salt. These 
values are about one third the total 
solubility for the pH concerned as deter- 
mined after prolonged soaking of the 
compounds. DNOC is very much more 
soluble, reaching about 4 grams per liter 
in the same water if sufficient alkali is 
added to maintain the pH. 

Limited field trials were ‘made near 
Modesto in the San Joaquin valley with 
DNOCHP and DCA-DNOCHP as dusts. 
The former was used at 1, 3, 5, 10, 12.5 
and 50 per cent and was applied with a 
Root hand duster in the grass and weeds 
growing along the edge of an irrigating 
ditch at the approximate rate of 50 
pounds per acre. The water at the center 
of the ditch was flowing about two miles 
per hour. DCA-DNOCHP was used in the 
form of a commercial dust at 40 per cent 
concentration. Counts were made of 
larvae of the mosquito Anopheles maculi- 
pennis sub. sp. before treatment and 24 
hours later by making 30 dips with a 
quart sampler at random in the treated 
areas. 

Resutts.—No ovicidal action was found 
when eggs of Culiseta incidens floated for 
as long as 3 days before hatching upon 
solutions containing up to 126 mg. per 
liter DNOC or DNOCHP or up to82 mg. 


per liter DCA-DNOCHP. The mor- 
talities of first instar larvae at the end of 
48 hours are shown in figure 1. It is 
obvious that DNOC has but little effect 
at any reasonable concentration and that 
the other two compounds become effec- 
tive only when the concentration ap- 
proaches 100 mg. per liter (100 ppm). 
With DNOCHP the maximum kill was 
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Fia. 1.—Toxicity of aqueous solutions of dinitro- 
phenol compounds to first instar larvae of Culiseta 
incidens. 


obtained within 24 hours in the higher 
concentration range but more slowly in 
the more dilute solutions. The action of 
DCA-DNOCHP was slower at all con- 
centrations. 

The above experiments were then re- 
peated with early fourth instar larvae and 
resulted in low mortalities with each com- 
pound in solution. Strikingly different 
results were obtained, however, when the 
larvae were put into solutions containing 
relatively small amounts of suspended 
particles of the compounds, as shown 
in table 1. 


Table 1.—Mortality of fourth instar larvae of 
Culiseta incidens exposed to solutions of certain 
dinitro compounds containing suspended par- 
ticles. 








CONCENTRATION MortTA.ity 
In solu- In sus- 2 24 
tion pension hours hours 


ComMPpouND 





mg. per mg. per 
liter liter 
DNOCHP 82 7.5 100 
DCA-DNOCHP 96 4.4 28 81 
95 15.4 82 94 





It is obvious that Whereas these com- 
pounds have very little contact toxicity 
to C. incidens larvae, they are highly toxic 
when swallowed. A similar test of DNOC 
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as a stomach poison for mosquito larvae had dissolved, but enough remained a! 
is practically impossible because of its the surface or in suspension to kill all the 
high solubility. The use of stronger larvae within a few hours. 

solutions in order to make it possible for Since ingested particles must dissolve, 
suspended particles of DNOC to persist at least in part, before they can be ab- 
longer is not feasible because the solutions sorbed and have a toxic effect it seemed 
themselves become toxic, e. g., in one worthwhile to determine the pH of the 
containing 280 mg. per literthe mortality digestive tract contents of the Culiseta 
was 95 per cent within two hours. This  incidens larvae. The five indicators used 
high kill may have resulted at least in part as described earlier agreed in showing the 
from swallowing of some of the solution foregut and cardiac region of the midgut 
and thus be stomach action rather than of fourth instar larvae to be alkaline, pH 


Table 2.—Effects upon Anopheles maculipennis sub. sp. larvae of dusting edge of irrigating ditch. 








NuMBER oF LIvE 
LARVAE 
Before 24 hours 


Mareriat Usep dusting later OBSERVATIONS 


(a) 1% DNOCHFP" 47 7 no dead predators; no visible residue 

(b) 38% DNOCHP'" 42 3 1 dead tadpole; 1 dead fish; no visible residue 

(c) 5% DNOCHP' 64 3 no predators seen; no visible residue 

(d) 10% DNOCHF® 45 0 several dead Odonata and mayfly larvae; vis- 
ible residue 

(e) 124% DNOCHP™ 36 0 several live predators; 1 dead tadpole; visible 
residue 

(f) 50% DNOCHP' 40 0 several dead predators; visible residue 

(g) 50% DNOCHP plus 24% 57 0 several dead predators; visible residue 

heavy oil’ 


(h) 40% DCA-DNOCHP™ 67 0 no dead predators seen; no visible residue 
(i) 120 feet downstream from (h) 32 41 no dead predators seen; no visible residue 
(j) check 47 15* 





! Proprietary mixtures, made by spraying a solution of DNOCHP or DCA-DNOCHP in a volatile solvent upon the carrier. 
* Made in laboratory by grinding DNOCHP with frianite. 

* Made in laboratory by grinding together the DNOCHP, oil and frianite. 

* An overnight rise in the water level with increased flow probably accounts for the decrease in number of larvae. 

° Contained ¢ wetting agent. 


contact. The integument thus appears approximately 8.5. Proceeding along the 
to be relatively impermeable to these gut the pH decreases to about 7.4 in the 
compounds. Fractical use of such a high sixth abdominal segment. At the point 
concentration would doubtless be limited where the Malphigian tubes enter (be- 
to water in small pools and artificial con- tween the sixth and seventh abdominal 
tainers. segments) there is a marked fall in pH to 
It might be expected that application less than 6.0 which then rises somewhat 
of dinitro compounds as dusts would toward the rear end of the gut. The ab- 
result in longer persistence of the particles sorptive region of the digestive tract is 
since they would tend to remain at the — thus sufficiently alkaline to ensure solu- 
surface of the water for a time. To test tion of ingested particles of the dinitro 
this point a dust consisting of a pro- compounds and in fact observation of the 
prietary mechanical mixture of 40 per opened gut of larvae dying from ingestion 
cent DNOCHP in an inert carrier was put of DNOCHP or DCA-DNOCHP always 
upon the surface of Strawberry Creek showed many particles in the foregut but 
water taken to the laboratory at a rate none visible in posterior regions. 
approximating 40 pounds per acre. The The results obtained in field trials 
volume concentration corresponded to against Anopheles maculipennis sub. sp. in 
17.5 mgs. per liter. Twenty-four hours an irrigating ditch are shown in table 2. 
later first instar Culiseta incidens and Rate of application at edge of ditch was 
Anopheles maculipennis sub. sp. larvae approximately 50 pounds dust per acre. 
were added. Since the water was slightly It is evident from the above data that 
colored some of the compound obviously the most dilute dust giving satisfactory 














results was that containing 10 per cent 
DNOCHP. Addition of oil, which might 
he expected to decrease rate of solution 
and hence prolong activity, had no ap- 
parent effect. Toxicity to various preda- 
tors is a serious objection to this material. 
The 40 per cent DCA-DNOCHP dust 
was equally effective against the mos- 
quito larvae and no harm to predators 
was noticed. The relatively large amount 
of wetting agent in this material may 
account for its disappearance with the 
24 hour period. Unfortunately, oppor- 
tunity was not afforded for trials either 
at lower amounts per acre or with less 
wetting agent. 

Discussion.—The strong yellow color 
of the dinitro compounds, especially in 
alkaline solution, is an objection to their 
use. Hence the less soluble ones will be 
preferable, provided toxicity is still ex- 
erted after ingestion by the larvae. A 
study of numerous available compounds 
of this family as larvicides would be well 
worth while. Another method for reducing 
rate of solution and hence for prolonging 
activity toward larvae is the use of larger 
particles. This has two limitations which 
have often been encountered with other 
larvicides such as paris green, namely, 
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rapid settling to the bottom of the treated 
body of water so that the particles are 
lost in the debris, and secondly, inability 
of the larvae to swallow the larger par- 
ticles. Observation of first instar A. 
maculipennis sub. sp. larvae indicated 
that the distance between the inner 
lateral edges of their mouth brushes is at 
least 20 microns, which is greater than the 
diameter of about half the particles in one 
commercial 40 per cent DNOCHP dust. 

SumMARY.—Solutions of 3,5 dinitro-o- 
cresol, 2,4 dinitro-6-cyclohexyl phenol 
or dicyclohexylamine salt of 2,4 dinitro- 
6-cyclohexyl phenol are toxic to larvae of 
the mosquito Culiseta incidens only at 
relatively high concentrations but if only 
small amounts of suspended particles of 
the two latter compounds are present, 
high mortality results within 24 to 48 
hours or less. Hence they function as 
stomach rather than as contact poisons. 
Field trials with dusts applied in the 
weeds and reeds along an irrigating ditch 
gave high kill of Anopheles maculipennis 
sub. sp. larvae with dusts containing 10 
per cent 2,4 dinitro-6-cyclohexyl phenol 
or 40 per cent of the dicyclohexylamine 
salt each applied at rate of 50 pounds to 
the acre.—3-5-45. 
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Most readers of the JourNnav will have learned 
Lyle D. Goodhue and Captain Wm. N. Sullivan, 
Jr., through their pioneer work in the development 
of aerosols and the perfection of the aerosol bomb. 

The award is made from a special fund established 
by one John Scott, a native of Edinburgh, Scotland, 
and administered by the City of Philadelphia. It 
carries, in addition to the honor, a monetary award 
of $1,000.00. The list of recipients, in the past, of 
this award includes such distinguished names as 
Thomas A. Edison and Madame Curie. 

The presentation was the main event of a dinrer 
given in honor of the winners of the award. The 
event took place in Philadelphia and was attended 
by several entomologists representing the Bureau of 
Entomology and Plant Quarantine and others, in- 
cluding former teachers of the two men. 











The Transport of Insects in Aircraft 


Carr. V. G. Deruter 


For approximately 2 years a study has 
been conducted in Central Africa by the 
Army to determine the number and kinds 
of insects inadvertently transported by 
aircraft, the various factors affecting the 
number, variety, viability, and behavior 
of these insects, and methods of control. 
The latter phase has been variously re- 
ported in the literature and in divers offi- 
cial reports. 

The results and observations reported 
herein are based upon collections made in 
Central Africa from December 1943 to 
April 1945 inclusive. Determinations were 
made by members of the United States 
National Museum through the agency of 
the Army Medical Museum at Washing- 
ton, D. C. 

Mernops.—Live insects gain entry to 
aircraft by two means when a plane is 
grounded. They enter by their own loco- 
motion or ensconced in cargo or on pas- 
sengers. There is no evidence from these 
studies that successful entry may be ac- 
complished through chance encounter 
during flight. 

In general there are three compart- 
ments of importance in which insects may 
travel: in the fuselage, within wing and 
tail spaces, and in engine nacelles. Irre- 
spective of the type of plane admission to 
the fuselage is gained while a plane is 
parked. During this considerable period, 
both day and night, at least one entrance 
is habitually left open and more often one 
or more doors, hatches, or windows. In 
models with fully retractible landing gear 
the engine nacelles into which gear retract 
are open while the plane is parked as well 
as during landing and take-off. In flight 
they are closed. Entry to spaces beneath 
wing and tail surfaces may be effected 
through relatively large openings associ- 
ated with ailerons, flaps, and trim tabs. 

Specimens were collected from the inte- 
riors of parked planes at various points be- 
tween India and the west coast of Africa 
by especially trained personnel. Collec- 
tions were usually made immediately after 
arrival and, when feasible, prior to re- 
moval of freight. Inasmuch as all arriving 
planes were sprayed prior to landing the 
insects collected were invariably dead or 
dying. Engine nacelles were searched at 


the same time. The sole opportunities for 
complete examination of wing and tail 
spaces presented themselves during major 
maintenance operations; consequently, of 
the three sources of information this is the 
most meager. Studies of the behavior of 
live insects present in planes during flight 
are based upon observations made during 
an average of twenty flying hours per 
month. 

All observations and specimens were 
taken on 11 types of aircraft of which 6 
were combat and 5 transport. 

INSEcTs IN THE FusELAGE.—For pur- 
poses of the present discussion a grounded 
aircraft may be considered as similar to a 
building. Within either one and subject to 
the conditions enumerated below there 
will be found representatives of those spe- 
cies which abound in the vicinity. A plane 
differs from a building chiefly in that it 
changes its locality periodically; however, 
the route over which these planes fly sup- 
ports a surprisingly uniform and continu- 
ous arthropod fauna. In this case geo- 
graphical locality as a factor affecting the 
sampling of species is very nearly a con- 
stant. At most it is one of the minor fac- 
tors. On the other hand, the four most im- 
portant factors influencing the selection 
and comparative number of species are: 
(1) the habits of the insect, (2) the im- 
mediate environment in which the plane 
is parked, (3) the ratio of population den- 
sity of each species in this particular en- 
vironment to the total population, and 
(4) the season. 

Some insects are by nature more do- 
mestically inclined than others. Thus one 
would expect to find Musca sorbens, Cam- 
ponotus spp. and Anopheles gambiae in 
greater numbers than wilder species. In- 
sects in the former category may be said 
to enter planes more or less by design 
while the entry of others is of a more ac- 
cidental nature. Then too, strong fliers, far 
ranging winged species, and ubiquitous 
wingless species, especially ants, are to be 
expected. 

At some points planes may be parked as 
far as 2 miles from the nearest vegetation, 
in the midst of an expanse of macadem, 
blacktop, concrete, or gravel. At other 
points they may be parked in fields, on the 
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fringe of jungle, or in close proximity to 
some water course. In the first instance 
there will be a preponderance of flies and 
other strong fliers; in the second, mostly 
Cicadellidae and Orthoptera; in the third, 
shade loving species, especially Culicidae; 
in the last, aquatic species. 

If the first two factors are favorable to a 
given number of species to an approxi- 
mately equal degree, the ratio of numeri- 
cal abundance of each species to the natu- 
ral population will determine the ratios of 
catches within the plane. This explains, 
for example, the outstanding number of 
Musca sorbens captured at some points. 

Finally, seasonal fluctuations in the in- 
sect fauna constitute a most important 
factor. At one field Simulium griseicollis 
becomes extremely abundant during the 
month of December only to disappear 
compietely in August. It is not surprising 
then to discover this species in aircraft in 
quantity during winter months. The mi- 
gratory locust, on the other hand, swarms 
in August with a consequent increase in 
plane-catches at that time. 

Because of the diversity of cargo trans- 
ported over the route studied an added 
variety of species gains access to aircraft 
via the cargo. Thus, crickets enter with 
wicker furniture and cargo containers, 
ticks with goats, ants and earwigs with 
personal baggage, stored grain pests with 
grain, and fleas and lice with passengers. 

In evaluating the results of collections 
from aircraft each of these factors must 
be taken into consideration. 

Species Coxiuectep.—During | this 
study 816 samples were taken. These 
comprised approximately 2006 insects, a 
minimum of 210 species (some specimens 
were too badly damaged to permit of 
specific identification), 86 families, and 13 
orders (Table 1). Diptera constituted 88.5 
per cent of the total catch and one species 
alone, Musca sorbens, accounted for 45.9 
per cent of all insects caught. This was 
to be expected in view of the preponder- 
ance of muscoid flies in the savannah 
country through which must of the route 
runs and in view of the domesticity of this 
species. Of remaining Diptera very few 
were Culicidae. Their being in the minor- 
ity might have been due in part to the 
fact that all airfields are so-called sani- 
tated areas as far as mosquitoes are con- 
cerned. During the blackfly months (De- 
cember to February) in the Sudan it was 
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expected that Simuliidae would consti- 
tute an overwhelming majority of the in- 
sects captured in planes in this area. To 
the contrary, although specimens of the 
common species, Srimulium griseicollis, 
were taken in quantity, the number was 
not so great as was to be expected from 
the density of the indigenous population. 
During the sandfly months of March to 
September in the same area not a single 
specimen of Phlebotomus was taken. It is 
felt that the distance of airstrips from 
breeding areas coupled with the limited 
flight range of this fly accounted for its 
absence. 

Hemiptera and Homoptera, comprising 
the second largest group, were represented 
chiefly by Cicadellidae. This is not un- 
usual since at certain times of the year, 
especially in the summer months, these in- 
sects occur in enormous numbers. 

Among the remaining species there were 
no insects of especial medical or agricul- 
tural importance. 

Insects tn NaceLies.—At no time 
were insects recovered from nacelles. This 
is no indication, however, that they may 
not travel in this section. If they do, 
chances are that they would make good 
their escape upon landing. 

To test the ability of insects to survive 
flights in this hot, dusty, and oily com- 
partment a series of experiments was con- 
ducted in which caged mosquitoes were 
placed in nacelles and subjected to routine 
flights. In each test a simple cubical cage 
of ordinary screening material, four inches 
on a side, was fastened in a protected 
corner of the compartment. Each cage 
contained 10 mosquitoes, usually Ano- 
pheles gambiae, which had been reared in 
the laboratory. After routine flights rang- 
ing in duration from 15 minutes to 4 hours 
the cages were removed for examination. 
In only one test out of a hundred were in- 
sects recovered alive. The plane in this 
case possessed fully retractible gear. The 
mosquitoes were so badly battered, how- 
ever, that all died within an hour. There 
was no indication from these experiments 
that variation either in the duration of 
flight or the type of nacelle significantly 
affected the ability to survive. Subsequent 
experiments showed that the insects were 
killed during take-off. 

Insects iy WING aNnpD Tait Spaces.— 
Examinations of the interior spaces of dis- 
mantled and wrecked wing and tail sur- 
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faces resulted in the discovery of one spe- 
cies only, Musca sorbens. It is hardly sur- 
prising that some found their way into 
these spaces. Once inside there was little 


Table 1.—Summary of the families of insects 
collected in aircraft in Central Africa from De- 
cember 1943 to April 1945. 
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partial pressure of oxygen was therefore 
not a striking factor. Temperature changes 
produced more profound, though trans- 
sient, effects identical with those ex- 
perienced on the ground. As the tempera- 
ture dropped insects became quiescent, 


Table 1.—Continued 
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Diprera 88.5 
Muscidae 1246 
Agromyzidae 141 
Drosophilidae 69 
Chloropidae 63 
Otitidae 34 
Sarcophagidae 30 
Phoridae 27 
Calliphoridae 25 
Anthomyidae 25 
Simuliidae 21 
Dolichopodidae 16 
Empididae 14 
Lonchaeidae 11 
Culicidae 10 
Tendipedidae 7 
Larvaevoridae 
Stratiomyiidae 
Cypselidae 
Ephydridae 
Sepsidae 
Sapromyzidae 
Itonidae 
Tyledidae 
Conopidae 
Tabanidae 
Bombyliidae 
Fungivoridae 
Omphralidae 
Trypetidae 
Diopsidae 
Chironomidae 

HemrptersA-Homoprtera 
Cicadellidae 
Pentatomidae 
Miridae 
Lygaeidae 
Aphididae 
Anthocoridae 
Araeopidae 
Cixiidae 
Cydnidae 
Achilidae 
Coreidae 
Coptosomatidae 
Corixidae 
Gerridae 
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HYMENOPTERA 3.0 
Formicidae 26 
Chalcididae 11 
Braconidae 
Megachilidae 
Vespidae 
Sphecidae 

sididae 
Bethylidae 
Apidae 

COLEOPTERA 
Anthicidae 
Chrysomelidae 
Coccinellidae 
Tenebrionidae 
Cerambycidae 
Bostrichidae 
Curculionidae 
Carabidae 
Histeridae 
Pselaphidae 


ma 2 1 ee Or 


_ 
- 


Cyphonidae 
Anthribidae 
Cryptophagidae 
OrTHOPTERA 
Acrididae 
Gryllidae 
Blattidae 
Tettigoniidae 
Mantidae 
LEPIDOPTERA 
Noctuidae 
Amatidae 
Gelechiidae 
DERMAPTERA 
CORRODENTIA 
NEUROPTERA 
Chrysopidae 
TRICHOPTERA 
ODONATA 
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likelihood of the insects ever escaping on 
account of the structural maze of supports 
which successfully defeats even phototaxis 
by obstructing the ingress of light. 
Benavior or [Insects Durine Fiicat. 
Routine flights along this route were 
made at altitudes below 14,000 feet. The 


coming to rest usually in corners and 
crevices. Upon descent with a consequent 
rise in temperature they resumed normal 
activity. During flight, flying species 
tended to congregate against windows and 
in the navigator’s dome in response to 
light. At the termination of a flight, when 
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windows were opened to alleviate heat dis- 
tress, the insects so congregated readily 
made their escape. No superficial unto- 
ward effects traceable to engine noise and 
vibration were noted. 

Discussion AND SumMary.—There is 
no indication whatsoever from this study 
that aerial insect fauna gains entry to air- 
craft during flight. Airflow and slipstream 
are such that most are directed away from 
the plane. On the ground the majority of 
species are found in the cabin because this 
possesses larger ports of entry, is more 
conducive to the well-being of organisms, 
and contains odors associated with food 
and human habitation. Due to the small 
number of opportunities for insects to 
enter and survive in wing and tail spaces 
it is felt that these spaces are of minor im- 
portance in any control program. Al- 
though there is one instance of a caged 
insect having survived in the nacelle of a 
certain type of aircraft, it is unlikely that 
insects would normally enter nacelles, or, 
having entered, remain there, because 
the dust, oil, and grease in that compart- 
ment exert some repellent effect. The chief 
concern regarding control is, therefore, 
the cabin. On the basis of the collections 





Tests on caged plants with DDT dusts 
conducted at Mesa, Ariz., in the fall of 
1943 and spring of 1944 showed a higher 
mortality of the pentatomids and mirids 
that cause serious losses to Arizona cot- 
ton than the recommended sulfur-arsen- 
ical mixtures. The principal hemipterous 
insects (Cassidy & Barber 1938) that ef- 
fect cotton are the pentatomids Euschistus 
impictiventris Stal., Chlorochroa sayi Stal., 
Thyanta custator (Fabr.), and the mirids 
Lygus spp. and Creontiades femoralis Van 
D. The relative abundance and damage 
caused by the species at different times 
varies greatly. Adelphocoris suwperbus (Uh- 
ler) and several other species are of minor 
importance. 


! The author was assisted in the field by William Kauffman, 
Louis Sheets, and John M. Breazeale. 


DDT Compared with Other Insecticides for Control of 
Hemipterous Insects on Cotton 
W. A. Srevenson,' U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 
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made in Africa it is concluded that prac- 
tically any species of insect may be found 
in planes. The immediate factors deter- 
mining the assemblage in aircraft are: (1) 
the abundance of species in the immediate 
vicinity of airstrips and (2) the behavior 
of species. The first factor in turn depends 
upon the season. Experience along this 
route has shown that the incidence of in- 
sects in planes may be reduced by main- 
taining a so-called “sanitated” airport and 
by parking planes away from the edges of 
jungles, fields, and watercourses. Planes 
parked in the middle of extensive sur- 
faced or cleared areas picked up fewer in- 
sects than those parked adjacent to vege- 
tation. That effective sanitation of air- 
port areas also aids in reducing the num- 
ber of insects in planes was shown in a 
particularly striking manner at one field 
where the success of a malaria control pro- 
gram caused a reduction in the number of 
anophelines in planes to a point where 
none was found over a period of 18 
months. Along the route studied it is nec- 
essary to control the cabin only. Standard 
procedures involving the proper use of 
aerosol bombs have proved effective and 
adequate.—7-14-45. 


Extensive experiments over a number 
of years (Cassidy & Barber 1939, 1940, 
1941) have shown that profitable gains in 
seed-cotton yields are usually obtained by 
the proper use of sulfur-arsenical dusts, 
but the results have been somewhat varia- 
ble. These dusts, principally paris green 
7.5 per cent plus sulfur 92.5 per cent, re- 
duced the mirid populations to an appre- 


‘ ciable extent, but were not so effective 


against pentatomids under field condi- 
tions. A more effective insecticide is there- 
fore needed for this complex group of in- 
sects. 

Because of the high effectiveness of 
DDT in the cage tests, field experiments 
to determine the relative toxicity of this 
insecticide were conducted at Mesa, 
Litchfield Park, and Perryville in the Salt 
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River Valley, and at Marana in the Santa 
Cruz Valley of Arizona. The material was 
factory-mixed 10 per cent DDT in pyro- 
phyllite to which the diluents were added 
to make the desired mixtures. 
Hanv-Dustinc Experiments, Mesa. 
—A 6 by 6 latin square with .025-acre 
plots of short-staple cotton located on the 
experimental farm of the University of 
Arizona was used in this experiment. 
Seven applications of each insecticide 
were made with rotary hand dusters at 
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AIRPLANE-DustTING EXPERIMENT, 
LitcurieLp Park.—A $l-acre field of 
short-staple cotton was divided into an 
18}-acre plot for dusting with DDT and a 
12}-acre plot as an untreated check. The 
treated plot was dusted six times at ap- 
proximately weekly intervals, from July 
11 to August 28, with DDT mixtures ap- 
plied by airplane in the early morning. In 
the first application 2 per cent of DDT in 
pyrophyllite and in the last five 4 per cent 
of DDT with 36 per cent of pyrophyllite 


Table 1.—Comparative effectiveness of DDT and arsenicals against injurious cotton insects in 


latin-square experiments at Mesa, Ariz., 1944. 








Inyurtous [Nsects 


PER 100 STROKES 


Peak on 
July 13 


Number Number 


Seasona! 
TREATMENT Average 





Paris green atid 8 
Sulfur 923% 

Paris green 15%\ 5 
Sulfur 85% J 

Basic copper arsenate 33}%\ 9 
Sulfur 664% 

DDT and DDT-sulfur' 

Calcium arsenite 10%\ 

Sulfur 90% j 

Check (no treatment) 


Minimum significant difference, 
5% level 


YIELD oF 
SEED 
CorTTon 
PER ACRE 


INCREASE OVER 





Pounds 
18 2783 368 


18 3055 640 
14 494 
15 1018 
19 








1 DDT in 2 applications, DDT-sulfur in in 5 applications. 


about weekly intervals from June 30 to 
August 19. The various arsenical mix- 
tures were applied at the approximate rate 
of 20 pounds per acre-application, and the 
DDT mixtures at the average rate of 30 
pounds. In the first two applications 2 per 
cent of DDT in pyrophyllite was used and 
in the last five a mixture containing 4 per 
cent of DDT, 60 per cent of sulfur, and 36 
per cent of pyrophyllite. The arsenical 
treatments are given in table 1. Popula- 
tion records were obtained nine times dur- 
ing the season by making 50 sweeps per 
plot. 

As shown in table 1, each treatment was 
followed by significant control of injurious 
insects and increased yield over the checks. 
However, DDT with sulfur gave sig- 
nificantly better control and a higher yield 
than any of the sulfur-arsenical mixtures 
used. The F-test indicated that there were 
no significant differences between the 
treatment means of peak insect popula- 
tions on July 13. 


and 60 per cent of sulfur was used, all at 
the average rate of 23.7 pounds per acre- 
application. Lygus spp. were the most 
abundant injurious insects in this field, 
with Lygus hesperus Knight predominat- 
ing. Population counts made frequently 
throughout the remainder of the season, 
by making 300 strokes with a 16-inch 
sweep net at three points in each plot, 
showed a seasonal] reduction of 57.3 per 
cent of the injurious species in the dusted 
plot. This field was picked in January 1945 
with a mechanical harvester, and yielded 
946 pounds of seed cotton per acre in the 
check and 1,866 pounds in the DDT plot, 
or a gain of 920 pounds per acre. A 58-acre 
field nearby dusted three times with the 
7.5 per cent paris green-sulfur mixture 
yielded 1348 pounds of seed cotton per 
acre, or 402 pounds more than the check. 

AIRPLANE-DustING EXPERIMENT, 
Marana.—A 39-acre field of short-staple 
cotton in the Santa Cruz Valley was di- 
vided into a 19-acre plot for dusting with 
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DDT and a 20-acre plot as an untreated 
check. The treated plot was dusted once 
with 2 per cent of DDT in pyrophyllite 
on August 26 at the rate of 30 pounds per 
acre. The injurious insect populations 
were very low in this field throughout the 
season but showed a slight rise just prior 
to the dusting date. The seasonal average 
of injurious Hemiptera as determined by 
the sweep net was 3.6 insects per 100 
strokes for the treated plot and 4.7 for the 
untreated plot. The treated plot yielded 
2,119 pounds of seed cotton per acre and 
the untreated plot 2,136, or a difference of 
17 pounds per acre, which was not signifi- 
cant. This late dusting in the presence of 
low insect populations did not pay. 
Power-Macuine Dustinc ExXpeErti- 
MENT, PeERRYVILLE.—In this experiment 
7.5 per cent paris green-sulfur mixture and 
dinitro-o-cresol (1 per cent in a Frianite, 
voleanic ash) were compared with DDT 
dusts in a seven-application schedule. In 
the first two applications 2 per cent of 
DDT in pyrophyllite was used; in the fol- 
lowing three 4 per cent of DDT with 36 
per cent of pyrophyllite and 60 per cent of 
sulfur; and in the last two 5 per cent of 
DDT in pyrophyllite. All applications 
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were made early in the morning by a team 
drawn power dusting machine at approxi- 
mately weekly intervals between June 28 
and August 9. Each treatment and un- 
treated check was replicated three times 
in l-acre plots of short-staple cotton. The 
approximate rate of application was 15 
pounds per acre, with the exception of the 
5 per cent DDT dusts, which were applied 
at 30 pounds per acre 

The injurious hemipterous insects mi- 
grated into this field early, and there was 
a continuous influx throughout the grow- 
ing season. A peak population of 159 in- 
jurious insects per 100 sweeps, principally 
Lygus spp. and stinkbugs, was reached on 
July 10 in the check plots. In this experi- 
ment the insecticides were less effective in 
reducing the insect populations than in 
the other experiments, but the DDT mix- 
tures were slightly more effective than the 
others. The gains were 551 pounds of seed 
cotton per acre, or 22 per cent, from the 
DDT and 396 pounds, or 15.8 per cent, 
from the paris green-sulfur, but in the 
plots treated with dinitro-o-cresol there 
was a loss of 22 pounds. The average yield 
in the check plots was 2509 pounds of 
seed cotton per acre.—8-25-45. 
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CoLoNEL Emory C. CusH#iInG 


It has been announced that Colonel Emory C. 
Cushing will, upon his release from the army, be- 
come head of the Division of Insects Affecting Man 
and Animals in the Bureau of Entomology and 
Plant Quarantine. 

Colonel Cushing held this position before being 
granted military hes and will now replace Dr. 
W. E. Dove, who has resigned. 

Colonel Cushing was awarded the U. S. Army 
Typhus Commission Medal for bis work in typhus 
control in the European Theater of Operations. 


PROCEEDINGS OF THE NortH CENTRAL 
STaTeEs ENTOMOLOGISTS CONFERENCE 


The proceedings of the 1945 Conference of the 
North Central States Entomologists have been 
assembled and issued in attractive mimeographed 
form. Much timely and interesting information is 
included, all of which should be of interest to 
entomologists, especially those who were unable to 
attend the conference. 

Copies may be secured for the price of $1.00 per 
copy, so long as the supply lasts, from Professor J. J 
Davis, Purdue University, Lafayette, Indiana. 





DDT for Bollworm Control During 1944 


FE. E. Ivy, C. R. Parencta, Jn., R. W. More canp, and K. P. Ewrna, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine’ 


Cage and laboratory tests at Waco, Tex., 
in 1943 (Ivy 1944a) showed that DDT 
(1-trichloro-2, 2 - bis (p-chlorophenyl) 
ethane) was effective against the boll- 
worm, Heliothis armigera (Hbn.), and 
additional tests conducted in cages and 
under practical field conditions in 1944 
confirm these results. The product re- 
ceived for testing was a 10-per cent mix- 
ture with pyrophyllite. It was applied as 
a dust or a water-suspension spray diluted 
to different strengths as indicated. 

Cace Tests.—Five series of tests on 
caged plants were conducted to compare 
the effectiveness of DDT dusts and sprays 
at different concentrations with other in- 
secticides against insectary-reared third- 
instar bollworms. Accurately controlled 
dosages of dusts were applied to field- 
grown cotton plants in a dusting chamber 
in the same manner as in 1943 (Ivy 
1944b). The sprays were applied with a 
modified paint gun. The materials and 
rates of application, numbers of larvae 
utilized, and net mortalities after 5 days 
are shown in table 1. 

In the first series 4 per cent DDT at 16 
pounds per acre was more effective than 
basic copper arsenate-sulfur applied at the 
same rate, or calcium arsenate, lead 
arsenate, or cryolite each at 8 pounds. In 
series 2 the 4 and 2 per cent DDT dusts 
at the rate of 16 pounds per acre were 
more effective than calcium arsenate at 8 
pounds, but at the lower concentrations 
DDT was much less effective. In series 3 
a high poundage of a low concentration 
was more effective than a low poundage of 
a higher concentration, when used at the 
rate of 0.32 pound of DDT per acre. In 
series 4 a mixture of calcium arsenate and 
DDT was slightly more effective than 
DDT-pyrophyllite alone, and consider- 
ably more effective than a mixture of cal- 
cium arsenate and pyrophyllite. In series 
5 four concentrations of DDT sprays were 
compared with a 4 per cent dust. A water 
spray containing 1.28 pounds of DDT per 
acre gave 100 per cent mortality, and the 
less concentrated sprays caused corre- 
spondingly lower mortalities. Spraying or 


_1 In cooperation with the Texas Agricultural Experiment Sta- 
tion. 


dusting with 0.64 pound of DDT per acre 
was about equally effective. 

In three other cage tests to compare the 
residual effect of DDT, field-growing cot- 
ton plants were sprayed or dusted 4 times 
at 5-day intervals at the rate of 0.64 


Table 1.—Mortality of third-instar bollworms 
5 days after treatment with DDT in comparison 
with other insecticides. 








Rate or Appti- 

CATION PER ACRE Net 
— — Larvae Mor- 
Mixture DDT Testep tatty 


Pounds Number Per Cent 


TREATMENT 





Pounds 
Dusts 
Series 1 
DDT 4% ‘ 103 
ic copper arsenate- 
sulfur (1:1) 
Cryolite (88.2% sodium 
uoaluminate) 
Lead arsenate 
Calcium arsenate 


DDT 4% 

2% 

1% 

0.5% 
Calcium arsenate 


DDT 8% 
4% 


Calcium arecnate 


Calcium arsenate plus: 
DDT 4% 
‘rophyllite 40% 
DT 4% 


DDT 4% 
Sprays 
DDT 38.4 lb. 
19.2 Ib 89 


9.6 lb. : . 66 
4.8 lb. $ 45 





1 DDT percentages refer to concentration in pyrophyllite. 
2 Quantity of 10 per cent DDT-pyrophyllite per 100 gal. 


pound of DDT per acre-application. 
After the fourth application and 0.46 inch 
of rain, the plants were caged and boll- 
worm larvae or eggs were placed on both 
treated and untreated plants. Of 30 third 
instars placed on the plants 1 day after 
the fourth application, the net mortality 
after 5 days was 43 per cent from the dust 
and 52 per cent from the spray. Of 90 first 
instars placed on the plants 7 days after 
the fourth application, the net mortality 
after 7 days was 93.8 per cent from the 
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dust and 100 per cent from the spray. 
When 180 eggs were stuck to the cotton 
leaves 3 days after the fourth application, 
the mortality of the newly hatched larvae 
at the end of 10 days was 100 per cent 
from both the dust and the spray. 
Fieitp-PLot ExrertMents.—In a small- 
plot experiment at Waco, Tex. DDT- 
pyrophyllite dusted satisfactorily through 
single-nozzle hand guns, and no injury to 
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sypri Glov., increased on the DDT plots 
about the same as on those dusted with 
calcium arsenate, all the plots in this ex- 
periment were dusted with nicotine on 
September 19 to prevent aphid damage. 
Bollworm damage was well advanced 
when the experiment was begun, with an 
average of 27.1 per cent of the squares and 
17.3 per cent of the bolls injured on Au- 
gust 1. Three square-injury records were 


Table 2.—Results of field-plot experiments with DDT for control of the boliworm. 








Bo _uworm INFEs- 


RATE oF 


- Punc- 


YIELD or SEED 
Corton PER ACRE 


Bou 


TATION WEEVIL 








APPLICA- 
TION PER 
TREATMENT AcrE 





Pounds 


Injured 
Squares 


Per Cent 


Gain Over 
Check 


TURED 
SQUARES 


Injured 


Bolls Total 





Per Cent Per Cent Pounds Pounds 


Small-plot experiment at Waco 


Untreated check — 


l 
15. 
16. 
1 


Calcium arsenate 16.1 
Difference required for sig- 


nificance, 5% level 


15.0 1022 
10.1 ; 1170 
7.2 . 1176 
7.0 ; 1260 

2 ‘ 1342 


3 ‘ 1295 
1 181.6 


Large-plot experiment at Bryan 


Untreated check 
DDT 4% 

Calcium arsenate 
Calcium-lead arsenate! 


16.0 
15.0 
12.0 


22 


3 
5.1 
7 


3 12.3 


3.0 
1.7 ‘ 
2.1 a. 





1 Material containing 36.4% As:O; and 31.6% PbO (analysis by Division of Insecticide Investigations). 


the cotton plant was noticed. The plots 
were 10 rows wide, 0.1 acre in size, and 
arranged in randomized blocks with 4 rep- 
licates. The infestation and yield records 
were made in the usual way (Ewing and 
Parencia 1943) on the center portions of 
the 6 middle rows. Although the tests 
were primarily against the bollworm, ob- 
servations were made on the effect of 
DDT on other insects. 

Table 2 lists the various treatments, to- 
gether with the seasonal average infesta- 
tion of the bollworm and the boll weevil, 
Anthonomus grandis Boh., and yield of 
seed cotton for each treatment. The plots 
were dusted on August 2, 7, and 9, but 
the application on August 7 was followed 
by rain within 24 hours. DDT did not con- 
trol the cotton leafworm, Alabama argil- 
lacea (Hbn.); therefore, all plots were 
dusted lightly with an arsenical on August 
® and September 1 for control of this in- 
sect. Since the cotton aphid, Aphis gos- 


made between August 11 and 22, and four 
boll-injury records between August 11 and 
28. The peak boll injury was 29.3 per cent 
in the check on August 11. 

Statistically, the square-injury records 
showed no significant difference between 
the 8 per cent DDT and the calcium ar- 
senate, but each of these treatments was 
significantly better than 2 or 1 per cent 
DDT, or the check. The 8 per cent DDT 
was also significantly better than the 4 
per cent DDT. Each treatment except the 
1 per cent DDT was significantly better 
than the check. 

The boll-injury records showed that 
each dust reduced the bollworm infesta- 
tion significantly below that in the check. 
The 8 per cent DDT was significantly 
better than the 1 per cent DDT, but not 
significantly better than the other treat- 
ments. 

Statistically, the 8 and 4 per cent DDT 
and calcium arsenate each produced sig- 
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nificantly more seed cotton than the check, 
but there was no significant difference in 
yield between insecticidal treatments. 

In a large-plot field experiment at 
Bryan, Tex., four contiguous plots were 
treated as follows: Check (untreated) 1.5 
acres, calcium-lead arsenate 2.5 acres, 4 
per cent DDT 2.7 acres, and calcium 
arsenate 3.6 acres. There were no replica- 
tions. 

Four dust applications were made with 
a six-row cart duster at approximately 
5-day intervals between July 26 and Au- 
gust 10. An arsenical for leafworm control 
was dusted lightly on the check plot Au- 
gust 9, and on the DDT plot August 16. 

The DDT-pyrophyllite dusted satis- 
factorily through the machine and no in- 
jury to the cotton was noticed. 

Neither the boll weevil nor the cotton 
flea hopper, Psallus seriatus (Reut.), was 
abundant enough to cause noticeable 
damage. 

Bollworm eggs were rather abundant in 
these plots, averaging 84 per 100 termi- 
nals on July 24and 33 on August 9 and 16. 

The seasonal average of the five boll- 
worm square-injury records made between 


July 31 and August 14 and the three boll 
injury records made betwen August 9 and 
25 are shown in table 2. 

Owing to lack of uniformity in soil and 
plant growth, yield records were calcu- 
lated from }-acre areas in the plots. In 
pounds of seed cotton per acre the smaller 
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gain from the calcium-lead arsenate plot 
was probably due to the lighter applica- 
tions of this material. 

Summary.—In cage tests with third-in- 
star bollworms, 4 and 2 per cent DDT were 
more effective but the 1 and 0.5 per cent 
less effective, each at 16 pounds per acre, 
than calcium arsenate at 8 pounds per 
acre. Four per cent DDT at 16 pounds 
was more effective than a 1:1 basic copper 
arsenate-sulfur mixture at 16 pounds or 
lead arsenate and cryolite at 8 pounds. A 
high poundage of a low concentration of 
DDT was more effective than a low pound- 
age of a higher concentration. Immedi- 
ately after application DDT was about 
equally effective as a dust and as a spray, 
but after four applications and 0.46 inch 
of rain the residual effect from the spray 
was slightly greater than from the dust. 

In a field experiment with small plots 
arranged in randomized blocks and with 
three dustings at approximately 16 pound 
per acre-application, the gains in pounds 
of seed cotton per acre, were as follows: 8 
per cent DDT 320 pounds, calcium arse- 
nate 273 pounds, 4 per cent DDT 238 
pounds, 2 per cent DDT 154 pounds, and 
1 per cent DDT 148 pounds. 

In a large-plot experiment where four 
dust applications were made at 5-day in- 
tervals at the rate of 16 and 15 pounds per 
acre-application the gain from 4 per cent 
DDT was 736 pounds and from calcium 
arsenate 688 pounds.—6-19-45. 
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New Strate QuARANTINES 


A new quarantine was promulgated by the State 
of Texas May 28, 1945 on account of the “Quick 
Decline” of citrus in California, which regulates the 
movement of California citrus fruit, except lemons, 
into the State of Texas, prohibiting such movement 
into the southern part of that State. 


Quarantine Order No. 16, pertaining to western 
celery mosaic, was adopted by the State of Arizona 
June 28, 1945, which prohibits the entry into 
Arizona from any other State of the United States 
of all rooted celery, celeriac, carrot, dill, salad 


chervil, caraway, coriander, and parsley plants in- 
tended for propagation, except when certified. Cer- 
tificates, issued by State officials at the point of 
origip, shall affirm that the quarantined articles 
have been grown in a district free from western 
celery mosaic. 

On June 28, 1945 the State of Arizona also adopted 
an intrastate quarantine, pertaining to the peach 
mosaic disease, which requires special peach mosaic 
certificates as a condition of movement of peach 
mosaic hosts from the infected areas into uninfected 
areas of Arizona, or into other states. 





DDT as a Culicine Larvicide' 


P. M. E1neg, C. C. Deonter, and R. W. Burreu,? U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Investigations on the new synthetic or- 
ganic insecticide DDT (1-trichloro-2, 2- 
bis (p-chlorophenyl) ethane), conducted 
at the Orlando, Fla., laboratory of the 
Bureau of Entomology and Plant Quar- 
antine, have show it to have outstanding 
value as an anopheline larvicide (Deonier 
et al. 1945). To these mosquitoes it is 
much more toxic than phenothiazine and 
has certain advantages over paris green, 
the most important insecticides previ- 
ously used for this purpose. This paper 
describes early tests* to determine its ef- 
fectiveness against culicine larvae, both 
the domestic species and those breeding in 
ponds or salt marshes. The DDT was 
used in various forms—as dusts, as a sur- 
face application in oils and other solvents, 
and in suspensions or emulsions. 

Metuops.—The domestic species, 
Aédes aegypti (L.) and Culex quinquefas- 
ciatus Say, were allowed to develop natu- 
rally in rain barrels. Wooden barrels of 55- 


gallon capacity sawed in half and filled 
with 21 gallons of water provided ideal 


breeding places. A tub filled with horse 
manure and water that was producing 
Culex at all times was kept nearby. The 
emergence from this tub kept up a large 
population of adults and insured ample 
egg laying in the test barrels. Egg laying 
was increased when powdered dog food 
was placed in the test barrels. When a 
heavy population of larvae had been built 
up in the barrels, they were treated with 
various formulas containing DDT or 
phenothiazine, and records were kept on 
the length of time the materials prevented 
breeding. The toxicity of the water was 
checked at intervals by dipping samples 
from each barrel and introducing labora- 
tory-reared larvae. It was found that a 
material might be toxic to first instars but 
not to fourth instars. A material was con- 
sidered effective until all stages of larvae 
were found in a barrel treated with it. 

In field tests the degree of infestation of 
a pond or marsh to be treated was first 
estimated by counting the larvae in a cer- 


! The work described in this paper was done under a transfer 
of funds, recommended by the Committee on Medical Research, 
from the Office of Scientific Research and Development to the 
Bureau of Entomology and Plant Quarantine. 
* Now tain, United States Army. 
? Edward ottingham assisted with the field tests. 


tain number of dips taken with a 4-inch 
dipper. The number of dips taken de- 
pended on the size of the marsh or pond; 
usually 20 were sufficient. Where the 
breeding was extremely heavy, over 100 
larvae per dip, an accurate count would 
be made on only a few dips, and the rest 
estimated. The area (or the volume, in 
tests on suspensions) was then determined 
as accurately as possible, and the treat- 
ments were applied immediately after- 
ward. 

Dust applications were made with a 
rotary hand duster over large areas, and 
with a plunger-type hand duster over the 
smaller ponds. Liquid applications were 
made with a sprayer, a sprinkling can, or 
simply by pouring the material on the 
surface of the water. In tests made on sus- 
pensions, the material was stirred in with 
a dipper or by wading in the pond with 
rubber boots. In some tests sprays were 
applied from airplanes by the use of spe- 
cial equipment developed at the Orlando 
laboratory. 

In a number of tests with DDT in sus- 
pensions and emulsions, conducted pri- 
marily against anophelines, records were 
also kept on the performance of the larvi- 
cides against the culicine larvae present. 
Two formulas were used. One—DDT 10 
per cent Cellosolve (ethyl ether of ethylene 
glycol) 80 per cent, and Nopco 1216 (sulfo- 
nated sperm oil) 10 per cent—gave a very 
stable suspension, the solvent being mis- 
cible with water, so that the DDT re- 
mained in colloidal suspension. The other 
—DDT 20 per cent, xylene 60 per cent, 
and Triton X-100 (an aralkyl polyether 
alcohol) 20 per cent—formed an emulsion 
when mixed with water. 

Tests Acartnst Domestic CULICINEs. 
—Practical tests were begun in March 
1943 to determine the lasting qualities of 
DDT against species breeding in rain 
barrels. The chief species involved in 
these tests was Culex quinquefasciatus, al- 
though C. nigripalpus Theob. was also 
found during the summer months, and 
there were occasional specimens of Aédes 
aegypti and Anopheles crucians Wied. 

The results of tests comparing DDT 
with phenothiazine in different solvents 
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and as dusts are shown in table 1. The 
dosages were heavy in this series, most of 
them being 0.8 to 1.6 grams per barrel. 
Phenothiazine was not satisfactory when 
applied as a dust, but when applied in 
alcohol so that a suspension was formed, 
it was effective for 2 to 3 months at 20 
p-p.m. and from 21 to 25 days at 10 


p.p.m., 


Table 1.—Toxicity tests with DDT and pheno- 
thiazine against Culex quinquefasciatus in rain 
barrels. 








EFFECTIVE 
Periop 


Pheno- 
thiasine 


DosacE 
MerTuHuop or 
APPLICATION 


DDT 


PER 
Barrew 
Grams Days Days 
0.015 7 — 
4 20 _- 
.8 58 0 
21 . 
1.6 166? 
133? 
363 
61 


As a dust on surface 


In alcohol ‘ 321 


166° 
87? 


Dust in dry barrel 1.6 


In acetone solution .08 
.008 


In Cellosolve 8 $21 





1 0.08 gram per barrel is equal to approximately 1 part of 

DDT per million parts of water. 
* Tubs spilled or overflowed. 

DDT is toxic enough to give good re- 
sults as a dust when applied at these 
heavy dosages, although in some of the 
tests no initial kill was obtained until the 
dust was stirred and some of it made to 
sink. 

In one barrel breeding was not resumed 
for a year. Several others treated with 
dust on the surface gave protection for 
over 100 days, and may have done better 
still if they had not been spilled. In the 
barrels treated with DDT suspensions the 
results were equally as good and more con- 
sistent. 

These results indicate that (1) DDT is 
more toxic than phenothiazine, (2) dusts 
are not so effective as suspensions, (3) 
where dusts are desirable, DDT is far 
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superior to phenothiazine, and (4) both 
DDT and phenothiazine are effective for 
long periods when applied in heavy dos- 
ages. However at the low dosages DDT 
can be used it is probably much safer than 
arsenicals or paris green for treatment of 
artificial pools or rain barrels. 

The results of tests comparing the ef- 
fectiveness of DDT when applied in as us- 
pension and in an emulsion are shown in 
table 2. The suspension in Cellosolve seems 
to be slightly more effective, but the dif- 
ference is not great and the xylene emul- 
sion is generally recommended because it 
contains a higher concentration of DDT. 


Table 2.—Toxicity of DDT in suspension 
(DDT 10, Nopco 1216 10, and Cellosolve 80 per 
cent) and in emulsion (DDT 20, Triton X-100 
20, and xylene 60 per cent) to Culex quinquefasci- 
atus in rain barrels. 





Periop or EFFECTIVENESS 





Emulsion Suspension in 


in Xy lene 


CONCENTRATION 


or DDT 





P.p.m. 
0.05 
14 
36 $2 (112) 
36 32 (78) 
32 (145)! 150 
$2 (246) 246 





1 Culex breeding, all stages, noted in these barrels. It stopped 
suddenly on October 14, even the pupae dying, and was not 
resu for the number of days noted im the parentheses. 


The effectiveness of DDT emulsions in 
xylene was compared when the percent- 
age of emulsifier (Triton X-100) was 
varied from 6.6 to 20 (Table 3). The ma- 
terials were measured into the barrels 
with a pipette, and immediately stirred 
with a glass rod. All the emulsions except 
the one containing 20 per cent of Triton 
X-100 formed a slight precipitate when 
dropped into the water, but this disap- 
peared with stirring. Effectiveness ranged 
from 31 to 68 days, but since the average 
number of days was greatest for the low- 
est and the highest percentages of emulsi- 
fier, very little difference in the emulsions 
is indicated. 

Tests AGarnst Fresu-WaATER AND 
Sautt-Marsa Cuticines.—Applications 
of DDT on ponds and marshes gave vari- 
able results against culicine mosquitoes, 
depending on the species involved. 

Results were obtained with various sus- 
pensions against Culex pilosus (D. & K.), 
C. nigripalpus, C. salinarius Coq., and 





October 1945 


Uranotaenia sp., which were present in 
anopheline-breeding ponds. A Cellosolve 
suspension of 2 p.p.m. of DDT gave a 
residual toxicity for 11 weeks. At 1 p.p.m. 
the effective period was 5 weeks, and at 
0.1 p.p.m. less than 1 week. In only one 
test did a suspension fail to give complete 
mortality at 0.1 p.p.m. or over. This may 
have been due to the method of applica- 
tion, since the Cellosolve concentrate must 
be diluted in an excess of water to prevent 


Table 3.—Effect of concentration of emulsifier 
on toxicity of DDT emulsion to Culex quinque- 
fasciatus in rain barrels, all at 1.0 part per mil- 
lion. 








Periop 

XYLENE Errective 
Per Cent Days 
66.8 53 

58 

56 

r. 56 


DDT 


Per Cent Per Cent 
6.6 26.6 


EMULSIFIER 


31 
59 
51 
yr. 47 


68 
31 
57 
. 52 


52 
68 
57 
Av. 59 





flocculation in large particles. These prep- 
arations were mixed with water at a rate 
to give 10 gallons of total spray per acre. 
Greater or smaller dilutions of the con- 
centrate can be used if desired. 

Concentrations of DDT at 1 p.p.m. or 
more in suspensions are shown to retain 
their toxicity for long periods. However, 
high concentrations are also toxic to aquat- 
ic animals. At 0.1 p.p.m. the toxicity to 
fish is greatly reduced, but the residual 
effect is not obtained. 

A summary of results with a suspension 
and two emulsions of DDT under a va- 
riety of conditions where only initial kills 
were determined is given in table 4. The 
Cellosolve suspension gave good results at 
both 0.1 and 0.05 p.p.m. against all spe- 
cies. The xylene emulsion was 100 per 
cent effective against Culer sp. and in one 
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test against Aédes taeniorhynchus (Wied.). 
In two tests with this material at 0.1 and 
0.05 p.p.m. a few Aédes larvae were alive 
after 24 hours, but they were noticeably 
affected. For practical purposes, therefore, 
the xylene emulsion is as effective as the 
Cellosolve suspension at these dosages. 

In one test with the xylene emulsion 
0.0125 p.p.m. gave 100 per cent control, 
but subsequent observations showed that 
the concentration calculated for the whole 
depth was concentrated at the surface of 
the water. The rate of diffusion is so slow 
that the xylene emulsions of DDT can be 
used as a surface application. Through 
agitation of the water, however, or by us- 
ing a coarse spray with considerable pres- 
sure, the emulsion can be made to diffuse 
throughout the water. 

The results of surface applications of 
DDT is dust and in oilare shown in table 
5. The effectiveness depended upon the 
species involved. Dusts containing 1 and 
20 per cent of DDT in tale were not so ef- 
fective against culicine larvae as against 
anophelines. Very poor control was given 
with the 20 per cent dust at 0.1 and 1 
pound of DDT per acre in a salt-marsh 
drainage ditch teeming with Aédes taeni- 
orhynchus larvae. The 1 per cent dust at 1 
pound of DDT per acre gave the best re- 
sults, but even then the control was not 
complete. 

Psorophora ciliata (F.) and Culex sali- 
narius were controlled by applications of 
the 20 per cent DDT dusts at the rate of 1 
pound of DDT per acre. It is quite likely 
that the dusts would have shown higher 
mortality against Aédes taeniorhynchus if 
examinations had been made after longer 
periods, but since the larval stage is very 
short in these species, any larvicide that 
did not give good results in 24 hours would 
have to be considered ineffective. 

Petroleum oil containing 1 to 5 per cent 
of DDT gave 100 per cent control of Culex 
salinarius at 0.1 pound or more of DDT 
per acre in ponds filled with various types 
of vegetation. Lower dosages were less suc- 
cessful. Fuel oil without DDT at 1.2 gal- 
lons per acre gave from 0 to 85 per cent 
reduction in larvae, depending on the 
type of vegetation. 

Discussion.—DDT shows great prom- 
ise as a culicine larvicide. Its use should 
reduce the cost of application, make pos- 
sible long residual control in static pools 
or other breeding places such as fire bar- 
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Table 4. Toxicity of DDT in a suspension and two emulsions to natural infestations of various 
culicine larvae. 








LARVAE 
PER 
Dir 


VoL- 
UME OF 
Ponpb 


ConcEN- 
TRATION 
or DDT 


Mor- 
Ponp Type TALITY 


SPECIES 





¢ ubie Num- Per 
Feet ber Cent 
DDT 10, Cellosolve 80, Nopco 1216 10 per cent (suspension) 
Roadside ditch 180 38.8 100 Culex sp. 
Salt-marsh drainage ditch 50 200+ 100 Aédes taeniorhynchus and A. sollicitans 
e Weedy ditch 2080 200+ 100 Culex nigripalpus 
Culex nigripal pus 


1500 200+ 100 
37.5 16 100 Aédes taeniorhynchus and A. sollicitans 
62.5 200+ 100 Aédes taeniorhynchus and A. sollicitans 
DDT 20, xylene 60, Triton X-100 20 per cent (emulsion) 
0.0125 Chara 1738 7.8 100 Culex sp. 
.025 Grassy pot hole 45 9.8 100 Ouiex s 
Roadside Chara ditch 2033 13.3 100 Psorophora confinnis and P. ciliata 
.05 Salt-marsh drainage ditch 60 200+ 97.4 Aédes taeniorhynchus and A. sollicitans 
Pontederia pool 226 10.0 100 Culex sp. 
1 Dense grass and Chara 4270 18.6 100 Culex sp- 
Weedy ditch 1840 100+ 100 Culex nigripal pus 
Duck weed ditch 3000 28.2 100 Culex nigripal pus 
Grass and hyacinth 513 3.8 100 Culex nigripal pus and Psorophora confinnis 
Salt-marsh drainage ditch 68 50.0 100 Aides taeniorhynchus and A. sollicitans 
87 200+ 96.5 Aédes taeniorhynchus and A. sollicitans 
DDT 5, Triton B-1956 2, No. 2 fuel oil 93 per cent (emulsion) 
Salt-marsh drainage ditch 200 200+ 98.4 Aédes taeniorhynchus and A. sollicitans 


Per Cent 


0.05 


Salt-marsh drainage ditch 


1.0 





Table 5.—Toxicity of DDT in surface applications of dusts and oils to natural infestations of various 
culicine larvae. 








Rats or 
Concen- APpPpti- ArEA LARVAE 
TRATION CATION OF PER Mor 
or DDT or DD’ r Ponp Tyre Ponpb Dip TALITY 
Num- Per 
ber Cent 


SPECIES 


Square 
Feet 
Dusts in tale 
400 


Per 
Cent 


Pounds 
per Acre 


20 0.2 Culex sp. and Psorophora con- 


finnis 
Aédes taeniorhynchus and A. 
and A, 


sollicitans 
and A. 


Roadside ditch 6.9 57.6 


1 Salt-marsh drainage ditch! 87 20+ # 37.5 

Aédes taeniorhynchus 
sollicitans 

Aédes taeniorhynchus 
sollicitans 

Culex salinarius 


0 Salt-marsh drainage ditch! 75 20+ #«53.0 


Lime sink' 5100 6.6 100 


100 


Loose Chara 
Open cover 
Open cover 


3280 
850 
1300 


Salt-marsh drainage ditch 75 


Salt-marsh drainage ditch 87 


Chara and scum 


Chara, no open water 
Chara, some open water 
Heavy scum and algae 
Grass and smartweed 


In fuel oil 
3600 
153 
3910 
160 
360 
1152 


5.9 


100 Culer salinarius 
100 Culex salinarius 
88.6 Aédes taeniorhynchus 
sollicitans 
98.3 A. sollicitans 


29. Culex salinarius 
94.9 Oulex salinarius 
99.6 Culex salinarius 
100 Culex salinarius 
88.9 Culex salinarius 
100 Culex salinarius 


Grass and smartweed 

Ditch with heavy vegetation* 
Marsh with vegetation’ 
Grass and smartweed 

Heavy Chara 


100 Culex sp. 

100 Culex sp. 

100 Culex salinarius 
42.7 Culex salinarius 


950 
7.6 acres 
1092 

250 


— 
nba teo 
ne Cooaecannrnwneoe 


.0 
Check (1.2 gal. of 
fuel oil) 


85.3 Culex salinarius 
0 Culex salinarius 


990 
700 


Chara and scum 
Grass and smartweed 


a 
cw 





‘Micronized tale was used in these tests. ‘A‘rplane oil was used. + Kerosene was used. 





















rels, cisterns, etc., and make larvicidal 
treatments more efficient since the one 
toxic agent can be applied in so many dif- 
ferent ways. 

Many of the culicine species are more 
resistant to DDT than are the anophe- 
lines; a heavier dosage is therefore re- 
quired to give control. As a general culi- 
cine larvicide the xylene emulsion was 
more effective than dusts or oil solutions. 
Control has been obtained with DDT in 
xylene emulsions in places that could not 
be reached with ordinary larvicidal oils. 
There is also the added advantage of a 
great reduction in material transported, 
since a small amount of the concentrate 
may be diluted with water at the breeding 
place. 

Other emulsions have been studied, and 
those showing particular promise are the 
sulfonated dormant spray oils used in 
orchard sprays and certain proprietary oil 
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products that dissolve a high percentage 
of DDT. 

DDT has the disadvantage of being 
toxic to fish and other aquatic wildlife 
when used in suspensions at higher con- 
centrations. Equipment in which water 
emulsions are used is more liable to rust 
than that used for applying oils. 

Summary.—DDT is very effective as a 
toxic agent for culicine mosquitoes. In 
suspensions 1 p.p.m. or higher concentra- 
tions show residual toxicity to species 
breeding in rain barrels. Suspensions and 
emulsions of DDT were more generally 
effective against the fresh-water and salt- 
marsh culicines than were surface applica- 
tions in dusts or oil solution. As little as 
0.05 p.p.m. was effective against Aédes 
taeniorhynchus (Wied.), A. sollicitans 
(Walk.), A. aegypti (L.), Psorophora con- 
finnis (L.-Arr.), P. ciliata (F.), and Culex 
quinquefasciatus Say.—6-25-45. 
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DDT Dispersed from Airplanes for Control 
of Adult Mosquitoes! 


Artuur W. Linpquist, A. H. Mappen, C. N. Husman, and B. V. Travis, U.S.D.A., Agr. Res. Adm., 


For a number of years airplanes have 
been used to disperse paris green and other 
materials to control mosquito larvae, but 
no consideration had been given to the use 
of this method against adult mosquitoes. 
This has probably been due to the fact 
that antilarval work has been considered 
the most practical malaria-control meas- 
ure. Moreover, there has been a lack of 
cheap, effective insecticides. The war 
brought on situations in which our armed 
forces were exposed to malaria and other 
mosquito-borne diseases in forward areas 
where antilarval and other measures could 
not be initiated in time to prevent large 
numbers of men from contracting these 
diseases. Troops fighting for and occupy- 


' The work described in this paper was done under a transfer 
of funds, recommended by the Committee on Medical Research, 
from the Office of Scientific Research and Development to the 
Bureau of Entomology and Plant Quarantine. 

? This work was done under the direction of E. F. Knipling. 
H. A. Jones advised on solutions used and O. M. 
experienced pilot, flew the plane in all tests. 


Longcoy, an 


Bureau of Entomology and Plant Quarantine 


ing new areas are exposed to infected mos- 
quitoes for many days before adequate 
control can be undertaken. Larvicides, 
such as oils and arsenicals, obviously could 
not be expected to destroy infected adults 
present in an area even when applications 
were initiated immediately after occupa- 
tion of new territories. 

In June 1943 tests on small plots in 
densely wooded areas at Cocoa, Fila., 
demonstrated that finely atomized sprays, 
aerosols, and dusts containing the new 
insecticide DDT (1-trichloro-2, 2-bis (p- 
chlorophenyl) ethane) were highly effec- 
tive against salt-marsh mosquitoes when 
applied with hand equipment on the 
ground. This work led to studies on dis- 
persing DDT from airplanes. 

The concept of spraying areas by air- 
plane prior to or shortly after invasion to 
destroy both adults and larvae was pro- 
posed by members of the Orlando, Fila., 
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laboratory of the Bureau of Entomology 
and Plant Quarantine soon after the 
potentialities of DDT became apparent. 
Besides spraying newly occupied areas, 
airplanes would also be useful in treating 
established bases. The use of airplanes for 
applying DDT as a larvicide is discussed 
in another paper (Deonier & Burrell 1945). 

This report deals with tests made with 
a Piper Cub airplane on the Keys near 
Key West, Fla., in November and De- 
cember 19438, against natural populations 


Fic, 1.—Dispersing DDT spray from a Cub airplane 
(L-4B) over open terrain. 


of Aédes taeniorhynchus (Wied.). The ob- 
jective was to determine whether adult 
mosquitoes could be controlled by aerial 
spraying of DDT over jungle areas. These 
were the first tests using DDT aerial 
sprays, and they stimulated world-wide 
interest and experimentation on disper- 
sion of DDT from aircraft The logical se- 
quence to spraying with small airplanes 
was the utilization of large warplanes for 
this purpose. These studies are reported 
by Jones et al! 

Description OF AREA.—Dense man- 
grove 20 to 30 feet high covered one-third 
to one-half of most of the plots that were 
treated. The remaining area was covered 
with a sparse to dense growth of brush and 
trees. Each plot usually was bordered on 
one side by an open grassy area from 40 
to 100 feet wide Some of the brush areas, 
while not having so heavy a leaf coverage 
as the mangrove, were so thick that it was 
nearly impossible for a man to crawl 
through them. The difficulty of penetrat- 
ing a dense upper canopy of leaves, such as 
mangrove, with sprays from a plane is 
obvious. The spray particles must be 

1 Jones, H. A., A. W. Lindquist, C. C. Deonier, and C. N. 


Husman. Early tests on the dispersion of DDT sprays from fast 
combat aircraft. Jour. Econ. Ent. Submitted for publication. 
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small enough to penetrate the vegetation 
and yet not be blown away. In general, 
these plots contained as dense a cover as 
is likely to be found, and afforded a severe 
test of airplane spraying methods. 

Mernops.—Since most of the plots 
were somewhat longer than wide and bor- 
dered on roads or other landmarks, the 
area was easily identified from the air. 
Spraying was done at near treetop height 
in regular swaths approximately 40 feet 
apart, at a rate of 2 to 3 quarts of liquid 
per acre. The equipment? used was in- 
stalled on a Piper Cub airplane (Fig. 1). 

The efficacy of the treatments was 
evaluated by making use of the biting 
habits of Aédes taeniorhynchus. Expe- 
rience had shown that a man stopping for 
a few moments in the woods would soon 
be covered from head to foot with hungry 
mosquitoes seeking to bite through his 
clothing and actually biting his hands and 
face. The ideal method would have been 
to count all the mosquitoes on a person 
after a 30 or 60 second exposure. Since this 
was not practicable with the manpower 
available, a man counted only the mos- 
quitoes in the front of his trousers after a 
30 second exposure. 

Generally two men would make 10 to 
20 counts each in various parts of a plot 
before spraying and the same number of 
counts at intervals after spraying. By 
comparing the average number of mosqui- 
toes per man per station before and after 
treatment, the per cent reduction could 
be calculated. In all tests reported herein 
the mosquito counts averaged 21 to 57, in 
most of the plots averaging about 30. 
Mosquito density in the sprayed area was 
also compared with that in unsprayed 
areas nearby. These records are not in- 
cluded in the data, because the reduction 
was found to be almost identical with the 
before and after treatment figures. In the 
vicinity of Key West the daily fluctua- 
tion in the density of this species was not 
great in any one plot; hence one series of 
counts immediately before and another 24 
hours after spraying gave an adequate 
appraisal of effectiveness of the spray. 

Resvts with Sprays.—The results of 
12 spray tests on plots ranging in size 
from 8 to 30 acres are given in table 1. 
The first tests indicated that, although a 
reduction of the mosquito population was 


? Designed and built by C. N. Husman and O. M. Longeoy, 
patent application pending. 
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Table 1.—Results of spraying DDT from an airplane against salt-marsh mosquitoes. 








Per Cent Repuction Arrer TREATMENT 





TIME oF 1 4 7 24 48 


VEHICLE For DDT'* Piotr 


SPRAYING 





Emulsion 


Kerosene 


25% motor oil (S.A.E. 10) 
in kerosene 


Hour Hours Hours Hours Hours 





Dosage 2 quarts of spray per acre 
9 a.m. €4 64 95 
1 p.m. 63 82 97 
10 a.m. —_— 61 80 
8 a.m. —_ —_ 99. 
10 a.m. —_— 84 
12 noon j 94 96 
10 a.m, - 82 85 
11 a.m. — 63 69 
10 a.m. — 97 
10 8 a.m. —_— 97 


Peeeee sen 


Dosage 3 quarts of spray per acre 


Fuel oil (No. 2) 11 


9 a.m. — _— 79 
12 10 a.m, — -- 76 





5 per cent of DDT was used in all plots except plot 12, in which the strength was 10 per cent. 


evident from 1 to 7 hours after spraying, 
the greatest reduction was recorded at the 
24-hour examination. This decrease sug- 
gests the presence of a residual deposit on 
the vegetation. Although 2 quarts of 5 per 
cent DDT solution produces an extremely 
small deposit when spread over an acre 
of vegetation apparently a_ sufficient 
amount was present to be effective. 

Because of the flight habits of these 
mosquitoes during the night their infil- 
tration into sprayed plots must be con- 
sidered. There is no doubt that this oc- 
curred in most cases, and that the control 
secured against the mosquitoes present at 
the time of treatment was higher than the 
24-hour mortality figures indicate. Some 
plots were rather isolated, and the infil- 
tration of mosquitoes was not great. In 
such cases 48-hour counts showed satis- 
factory reduction. 


In some tests strong winds made flying 
difficult and probably reduced the effec- 
tiveness of the treatment. The spraying of 
plots 8, 11, and 12 was made with winds of 
18 to 20 miles per hour. The results were 
not satisfactory. 

It was difficult to evaluate precisely the 
relative effectiveness of various sprays. 
The tests indicated, however, that the 
emulsion and the petroleum-oil mixtures 
were about equally effective. The 24-hour 
records in all the tests gave reductions 
ranging from 69 to 99.5 per cent. The re- 
sults in plot 4 were especially good. This 
plot was less densely wooded than the 
others. In most of the tests the actual re- 
lief from biting in treated as compared 
with untreated areas wasvery pronounced. 
With the sprays employed the percentage 
reduction in mosquito annoyance was 
greater in 24 hours than after 6 hours. 


Table 2.—Results of dispersing dusts and smokes containing DDT from an airplane against salt- 


marsh mosquitoes. 








Tora. 
MATERIAL 


TREATMENT PER ACRE 


Pounds 
Dusts (DDT 5%): 
Kaolin 5.4 
Tale 5 


Quarts 
Smokes (in motor oil, S.A.E. 10): 
DDT 5% 
DDT 20%+cyclohexanone 


TIME OF 
TREATMENT 


10 p.m. 39 


Per Cent Controt Arrer TREATMENT 


lto? 7 24 48 
Hours Hours Hours Hours 


No control indicated 
No control indicated 
No control indicated 


4 p.m. — 


8 a.m. 


8 a.m. No control indicated 
8 a.m. 92 98 98 
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This is believed to be due to the residual 
action of the DDT. 

Resvutts with Dusts.—Three tests 
were made using 5 per cent of DDT in 
tale or kaolin over areas similar to the 
spray plots. The weather was ideal for 
dusting and the insecticide was well ap- 
plied. The results given in table 2, were 
disappointing, since very little control 
was secured, This is in marked contrast 
to previous tests in which good control 
was obtained with dusts when applied 
with hand equipment on the ground. It is 
believed that the men applying the dust 


Fic. 2. Dispersing DDT from a Cub airplane by 
injecting the DDT solution into a specially con- 
structed exhaust pipe. 
in ground operations caused the mosqui- 
toes to fly and contact the insecticide. Air- 
plane dusting apparently did not disturb 
the mosquitoes. Airplane spraying, how- 
ever, possibly agitated the mosquitoes 
because of the oil and other solvents of 

DDT contained in the spray. 

Resutts with Smoxes.—The dispers- 
ing of insecticidal smokes from an air- 
plane appeared to have possibilities for 
insect control. Preliminary tests on the 
ground showed that houseflies, could be 
killed by injecting 5 per cent of DDT in 
oil solutions into a specially constructed 
exhaust pipe of a Piper Cub airplane. It 
was observed, however, that both smoke 
and spray were produced. 

This equipment was tried near Key 
West under jungle conditions similar to 
those previously described. In the first test 
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(Table 2) an excellent smoke was pro- 
duced that drifted through the trees and 
bushes and clung near the ground (Fig. 2). 
No control of mosquitoes was obtained. 

In the second test, with a 20 per cent 
DDT solution in cyclohexanone and 
motor oil, excellent results were obtained, 
control becoming evident in less than 1 
hour. A good smoke was produced, but it 
is believed that the greatest kill was due 
to the DDT spray particles present. This 
plot was isolated, and infiltration of mos- 
quitoes was not severe. 

SumMARY.—Sprays containing 5 per 
cent of DDT dispersed from a Piper Cub 
airplane at the rate of 2 to 3 quarts per 
acre gave good reduction of adults of the 
salt-marsh mosquito, Aédes taeniorhyn- 
chus (Wied.), in dense brush and man- 
grove growths. A reduction as high as 99 
= cent was obtained in sprayed plots, 

ut this excellent control was not secured 
in all tests because of strong winds and 
perhaps other factors. In tests showing a 
relatively low percentage of control after 
24 hours, the reduction of adult mosqui- 
toes present in the area at the time of 
treatment was no doubt higher than the 
24-hour mortality figures would indicate. 
This assumption is based on the fact that 
in most plots there was opportunity for 
rapid flight of mosquitoes into the treated 
area from the heavily populated surround- 
ing territory. The promising results ob- 
tained with these aerial sprays, even 
when applied to small plots, suggest that 
DDT sprays applied from aircraft might 
be employed to control infected disease 
vectors ahead of advancing troops, and in 
other areas where it is feasible to control 
adult mosquitoes by this method. 

Dusts containing DDT proved ineffec- 
tive in adult-mosquito control when dis- 
persed from a plane, but this method may 
be useful under certain conditions. 

A combination smoke and spray pro- 
duced by injecting 20 per cent of DDT in 
cyclohexanone and motor oil into a spe- 
cially constructed exhaust pipe gave ex- 
cellent control of mosquitoes. Five per 
cent of DDT in motor oil proved ineffec- 
tive.—6-25-45. 


LITERATURE CITED 
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DDT-Oil Sprays Applied from an Airplane to Control 
Anopheles and Mansonia Mosquitoes' 


Artaur W. Lrypquist and W. C. McDurrin,? U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The promising results obtained with 
DDT sprays dispersed from airplanes 
against adults of Aédes taeniorhynchus 
(Wied.) in Florida (Lindquist et al. 1945) 
suggested the testing of this method 
against tropical anopheline mosquitoes. 
It was believed that, if anophelines could 
be destroyed by airplane spraying, the 
method would be of great value in reduc- 
ing the incidence of malaria and other 
mosquito-borne diseases among troops in 
combat areas. Through the efforts of Lt. 
Col. O. R. McCoy, Office of the Surgeon 
General of the Army, arrangements were 
made to conduct the first two tests of this 
nature in the Panama Canal Zone during 
April 1944, 

DescriPTION OF THE AREA.—The first 
test was conducted in a typical jungle for- 
est on a 46-acre plot facing the Chagres 
River just opposite Juan Mina. This plot 
was 1950 feet long, approximately 1000 
feet wide, and fairly level although there 
were several small gullies and hills. Trees 
about 60 feet tall formed an upper canopy 
underneath which grew bushes and other 
vegetation of varying heights, producing 
two or three layers that collectively were 
rather dense. The vegetation was still suc- 
culent even though the dry season was al- 
most over. 

The second test plot was located on the 
Rio Gatun, and contained vegetation sim- 
ilar to but somewhat more dense than that 
described above. The area contained about 
40 acres, encompassing three peninsulas 
extending into Gatun Lake as well as part 
of the mainland. Heavy rain fell on this 
plot for two successive days prior to 
spraying. 

Mernops.—A spray apparatus de- 
signed and built by C. N. Husman and 
O. M. Longcoy was installed in an army 

‘ This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical Research, from the Office 
of Scientifie Research and Development to the Bureau of Ento- 
mology and Plant Quarantine. The writers express thanks to 
Brig. Gen. H. C. Dooling, chief health officer, Panama Canal, 
and Col. Charles G. Souder, M.C., for their interest in these 
tests. Acknowledgment is also made of the assistance of Lt. Roy 
Melvin in ing mosquito counts, of Capt. G. B. Fairchild, in 
identifying sam of mosquitoes collected, and of the advice 
and encouragement given by Maj. Marshall Hertig and Dr. 


Herbert C. Clark of the G Memorial Laboratory, Panama. 
* Now Captain, Sanitary United States Army. 


Cub plane by Mr. Husman. The pilot, 
S/Sgt. R. W. Cooper, had had no previous 
experience in airplane spraying or dusting, 
but after careful briefing did an excellent 
job in these texts. 

The spray solution consisted of approxi- 
mately 10 per cent of DDT (1-trichloro- 
2,2-bis(p-chlorophenyl) ethane) in a mix- 
ture of cyclohexanone and oil (Diesel and 
motor). The spray was applied in swaths 
50 feet apart, and the plane was flown just 
above the treetops. 

The method of evaluating results of the 
tests consisted essentially in comparing 
the counts of mosquitoes before and after 
treatment. Counts were made each night 
from 7 to 9 p.m. by teams of two to four 
men. Mosquito density was based upon 
the number of these insects actually biting 
or resting on observers. The men would sit 
3 feet apart for 1 minute, and then one of 
the writers made counts as rapidly as pos- 
sible with the aid of a flashlight. Several 
such records were obtained at each station 
each night. 

Since Mansonia spp.,—M._ titillans 
(Walk.), M. nigricans Coq., and M. 
fasceolata (L. -A.)—were numerous in the 
vicinity, records were kept on these as well 
as on Anopheles spp. The adults were eas- 
ily counted because of their persistent and 
vicious biting habit. However, the Anoph- 
eles adults (predominantly A. albimanus 
Wied.) were difficult to count because of 
their sensitivity to light and wariness in 
biting, which was restricted largely to the 
legs and crotch. 

Errect on Apuits.—Test 1. The first 
plot was sprayed at 7:30 a.m. on April 15 
with 23 gallons of the DDT solution at the 
rate of 2 quarts (0.4 pound of DDT) per 
acre. There was very little breeze at the 
time the spray was applied. During the 
spraying of this plot, as well as of the sec- 
ond one, the mosquitoes were observed to 
become excited and to fly about consid- 
erably for a few minutes, probably being 
irritated by the odor of the cyclohexanone. 

Counts of mosquitoes were made at six 
stations from 200 to 400 feet apart. The 
temperature at the time of the counts was 
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78° to 80° F. The biting of Mansonia was 
terrific, especially on the face and neck. 
The Anopheles population was low but, 
because of the inexperience of the counter 
in spotting this species and because the 
high biting rate of Mansonia impeded vi- 
sion, it is believed that more were present 
than the records indicate. 

As shown in table 1, the reduction of 
mosquitoes was phenomenal. A control of 
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no diminution of mosquitoes present from 
night to night. 

The records taken 4 days after spray- 
ing, on April 19, showed that infiltration 
had not occurred. Six days after spraying 
the mosquito population had increased, 
and a control of 70 per cent of Mansonia 
and 76 per cent of Anopheles was indicated 
as compared with the untreated area. 
When the final examination of the plot 


Table 1.—Records of mosquitoes before and after aerial spraying with DDT in jungle plot on the 
Chagres River, Panama. Spray applied on the morning of April 15; counts made in the evening. Figures 
represent average number of mosquitoes per man per minute. 








Berore Srrayinc 


Arter SpraYino 





April 13 April 14 
(39 counts) (36 counts) 


April 15 


STATION 
j (72 counts) 


May 6 
(8 counts) 


April 21 


April 19 
(12 counts) 


(36 counts) 


April 16 
(72 counts) 





20 M 0.5 
2 
4 20 0 
5 
15 a) 
0.2 
Mansonia 35 15 
Anopheles 0.8 
5 Mansonia 34 21 
Anopheles 2 
Mansonia 45 26 
Anopheles 2.5 


Average 
Mansonia 24 
Anopheles l 
Average in untreated area 


Mansonia 
Anopheles 


0.8 0.7 6 14 
0 
0 0 
0 


0.3 8 
0 

5 12 

1.3 

1 


Per Cent Reduction 


After treatment! 
ansonia 
Anopheles 
Compared with untreated area (6 to 12 counts) 


Mansonia 98.5 
Anopheles 100 


100 


98. 





t Based on average of 2 nights before spraying. 


98 to 100 per cent was indicated the first 
2 nights after spraying, by comparison of 
populations before and after treatment 
and by comparison with an untreated 
area. On these nights the observers 
hunted assiduously for Anopheles abli- 
manus, but without success. By making 
additional counts after 2 and 5 minutes 
they obtained more records, and by re- 
maining at the station longer they gave 
the mosquitoes a greater opportunity to 
be attracted. This procedure exceeded the 
requirements necessary to establish per- 
centage control as compared with records 
obtained before spraying, and for this 
reason the figures are actually conserva- 
tive. Aside from the figures, the relief 
from mosquito attack was amazing. The 
untreated check area was 300 yards across 
the river, and from 6 to 12 counts showed 


was made 21 days after spraying, there 
were as Many mosquitoes in the treated 
areas as in the untreated area. Inasmuch 
as the treatment gave control for 4 days, 
spraying of relatively small areas out of 
doors may have great possibilities for 
control of malaria and other mosquito- 
borne diseases. 

Test 2. The second plot was sprayed at 
7 a.m. on April 20 with the same solu- 
tion, dosage, and equipment as described 
above. There was practically no breeze, 
and the foliage was wet from the rain of 
the previous day. 

Mosquito populations were evaluated 
in the same way as in the first test. Six 
stations were established and 2 men at 
each of 3 stations made records simultane- 
ously. These data are given in table 2. Sta- 
tions 4, 5, and 6 in the northeast sector 
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harbored a much greater population than 
the other stations. As many as 38 anophe- 
lines were counted in 1 minute, but since 
all stations were averaged the final plot 
averages were 19 and 13 on the 2 nights 
before treatment. Stations 4 and 5 were 
visited twice every evening; the second 
count made an hour after the first showed 
fewer mosquitoes than the first count. A 
control of 90 to 98 per cent of anophelines 
was demonstrated by a comparison of 
adult abundance before and after spraying 
and by comparison with an untreated area 


larvae of any species. Not only was the 
immediate control perfect, but the abun- 
dance of oil on the surfcae of the sheltered 
lagoon suggested that effectiveness might 
persist for a week or more. The vegetation 
was dense enough to serve as an effective 
holding and residual surface, which ac- 
tually prolonged larcividal effectiveness. 
Breeding did not occur for over 1 week, 
and it was repressed for an additional 
week. 

Observations during and after treat- 
ment showed that perfect coverage was 


Table 2.—Records of mosquitoes before and after aerial spraying with DDT in a jungle plot on the 


Rio Gatun, Panama. S 
represent average num 


y applied on the morning of April 20; counts made in the evening. Figures 
of mosquitoes per man per minute. 








Berore SPRAYING 


AFTER SPRAYING 





April 18 (14 counts) 


April 19 (48 counts) 


April 20 (48 counts) April 21 (48 counts) 





ssa 


No. Mansonia Anopheles 


Mansonia Anopheles Mansonia Anopheles Mansonia Anopheles 





13 


or 


19 
19 
14 
13 


218861 | 
PPP OOwa 
mm GO a2 Or 2 be 


Average 4. 
Average in untreated area 


3 


5 


0.5 
-17 
0 
-66 
1.2 
0 
45 
4.6 


0.17 7 7 
17 

0 

0 
-42 
.33 
.19 


13 


0. 
' 


Rs 
0 
0 
0 


33 


.58 


Per Cent Reduction 


After treatment! 


Compared with untreated area (from 5 to 10 counts) 


86 
90 


95.6 7 7.2 
98.5 3 90.2 





! Based on average of 2 nights before spraying. 


the first 2 days after spraying. Mansonia 
reductions ranged from 87 to 98 per cent. 

Of interest in the work on this plot were 
the independent observations and study 
of Maj. C. H. Kearney, who, with six en- 
listed Army men with experience in jungle 
warfare spent three nights in the area, one 
before and two after spraying. His records 
showed a 98 per cent reduction of mosqui- 
toes, which figure agrees closely with those 
given in table 2. 

Errects oN Larvat PopuLations.— 
In the first test area was a shallow lagoon 
of several acres, filled with surface vege- 
tation (Naias), in which Anopheles albi- 
manus and Culex sp. were breeding in 
large numbers. Pre-treatment checks re- 
vealed populatoins of 5 and 11 larvae per 
dip, respectively. This lagoon was treated 
in the course of spraying the wooded sec- 
tion against adult mosquitoes. 

An exhaustive check 24 hours after 
treatment failed to reveal a single living 


obtained throughout the breeding area, 
and even beyond on the open river for a 
distance of 100 to 125 feet. It was there- 
fore clear, as first shown by Deonier et al. 
(1945), that airplane spraying with DDT 
is a highly effective means of applying lar- 
vicides to large breeding areas which are 
inaccessible or cannot be adequately cov- 
ered by ordinary means. Under normal 
conditions it is also believed that a dosage 
of only 1 quart per care would provide sat- 
isfactory control of breeding, at least of 
the anophelines. 

SumMary.—In two tests conducted in 
the Panama Canal Zone during 1944, 
sprays containing 10 per cent of DDT in 
oil were dispe over jungle forest areas 
from a Cub airplane equipped with a por- 
table spray unit. These sprays proved 
highly effective against adult Anopheles 
and Mansonia mosquitoes. In one test a 
reduction of 98 to 100 per cent of Anophe- 
les albimanus Wied. and 98 per cent of 
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Mansonia spp. was obtained during a 4- 
day period after spraying. Six days after 
spraying some infiltration of adults had 
taken place, and a reduction of 70 per cent 
of Mansonia and 76 per cent of Anopheles 
was indicated. Records 21 days after 
spraying showed as many mosquitoes 
in the treated areas as in the untreat- 
ed check area. Both Anopheles and Culex 
larvae were controlled by the aerial spray- 
ing? 

In a second test a control of anophelines 
of 90 to 98 per cent was demonstrated 
when adult abundance was compared be- 
fore and after spraying and with an un- 
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treated area the first 2 days after spraying, 
at which time the test was terminated. 

These preliminary tests fully confirmed 
the results of earlier tests against Aédes 
taeniorhynchus (Wied.), and represent the 
first demonstration of the effectiveness 
and practicability of airplane spraying of 
jungle forests against Anopheles and ae 
adult mosquitoes. As a result of these 
tests the systematic spraying of large 
areas was recognized as a potent weapon 
for malaria control, especially under cer- 
tain military conditions, and, conse- 
quently, research was stimulated along 
this line with all types of aircraft. 
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DDT Surface Sprays for Control of Stablefly Breeding in 
Shore Deposits of Marine Grass! 
E. B. Buaxestes, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Along the coast of the Gulf of Mexico in 
northwestern Florida, from Pensacola east 
to about the St. Mark’s River, a distance 
of over 200 miles, the stablefly, Stomorys 
calcitrans (L.), is a perennial pest of major 
importance during late summer and early 
fall. Locally the stablefly is known as the 
dog fly. Outbreaks of these flies, which are 
vicious biting pests of man and animals, 
have long been a source of severe losses to 
livestock and resort interests in this part 
of Florida, but since the war their impor- 
tance has been greatly increased because 
of the military-training activities located 
in this area. 

In 1940 (Simmons & Dove 1941la) the 
breeding medium involved in these out- 
breaks was determined as the deposits of 
marine grasses which are cast ashore in 
huge quantities on the beaches of the 
partially landlocked bays and_ sounds, 
Since these grasses grow principally in the 
brackish water of the bay bottoms, the 
open Gulf beaches are not usually involved 
in this fly problem. The Bureau of Ento- 
mology and Plant Quarantine at its Pan- 
ama City laboratory has been conducting 


1 Acknowledgment is made to K. D. Quarterman, in charge of 
dog fly control, for cooperation and assistance in this work. 


control operations over most of this area 
since 1941, using a creosote-bay water 
spray on the grass deposits as they are 
washed ashore (Simmons & Dove 1942). 
This method, while highly effective, in- 
volves considerable transportation as well 
as operational handicaps and expense. 
During the fly season of 1944 an at- 
tempt was made to determine the possi- 
bility of simplifying the control by the use 
of light surface applications of DDT (1- 
trichloro-2,2-bis (p-chloropheny]l) ethane) 
emulsified in bay water. Tests with sev- 
eral other types of fly-breeding media have 
shown that DDT sprays which wet the 
surface to a depth of about three-fourths 
inch and leave a residual deposit of 300 to 
400 mg. of DDT per square foot kill 90 to 
95 per cent of emerging adults of both the 
dog fly and the housefly, Musca domestica 


MarTeriALts.—T wo materials have been 
tested, technical DDT and DDT residual 
oil, the latter being a dark-brown sirupy 
liquid obtained as a byproduct in the man- 
ufacture of DDT. 

Two lots of residual oil were obtained 
from the manufacturer. Lot 1 contained 
considerable amounts of crystalline solids. 
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Lot 2, which was received late in the sea- 
son, contained no solids, and it was learned 
later that a solvent had been added at the 
factory before shipment. Most of this lot 
was used in beach-control activities. 

Stock solutions of both technical DDT 
and the DDT residual oil were prepared 
with commercial xylene as the solvent and 
Triton X-100 (polyethylene glycol phenyl- 
isoactyl ether) as the emulsifier, and from 
these solutions the sprays were made up in 
desired concentration by dilution with bay 
water. The distillation range of the xylene 
as stated by the manufacturer was 135°— 
155° C. Stock solutions were tried con- 
taining various proportions of the basic 
materials. The stock solution of technical 
DDT contained 20 to 35 per cent of DDT, 
and the DDT residual oil contained 50 to 
88 per cent. The xylene content was held 
to 60 per cent in all the stock solutions of 
DDT and to 30 per cent or less in those of 
the residual oil. From 5 to 20 per cent of 
emulsifier was used. Reducing the amount 
below 20 per cent resulted in slightly less 
stable emulsions, but where tank agitation 
is adequate this is not considered impor- 
tant. 

In one test a 10 per cent DDT-py- 
rophyllite dust was applied as a suspen- 
sion in bay water. A very small amount of 
Triton X-100 (about 1 teaspoonful per 
quart) was added as a wetting agent. 

Por Tests.—To determine dosage re- 
quirements and methods of application in 
relation to the many variables present in 
beach spraying, plot tests were conducted 
under controlled conditions. Uniformly 
and heavily infested grass was placed in 
plots 4 feet square by 8 inches deep and 
surface-treated with definite amounts of 
spray. The total exposed surface area of 
the sides and top of each of these plots was 
approximately 25 square feet. The emul- 
sions were applied with a knapsack 
sprayer, and a screen emergence cage was 
placed over each plot immediately after 
treatment. Results of the treatments were 
based on daily records of surviving flies 
able to leave the cages by flight when the 
tops were removed. Checks were obtained 
by caging comparable untreated material. 
Some of these tests were carried out in the 
insectary yard, where no tide washing was 
involved, and others on the beach, where 
tidal submergence was an important fac- 
tor. 

The results of plot tests carried on at 


the insectary are shown in table 1. The 
plots receiving graduated amounts of a 
bay-water emulsion containing 0.25 per 
cent of technical DDT gave results indi- 
cating fly mortalities of 92 to 96 per cent. 
Although the mortalities were somewhat 
out of line with the doses applied, they 
were in all cases above 90 per cent. The 


Table 1.—Insectary plot tests of bay-water 
emulsions of DDT and DDT residual oil apes 
as surface sprays to marine grass infested with 
dog flies. 








Fires Sur- 
VIVING IN 


InsectI- 
Quan- CIDE 
Concen- titror Resipve - 
TRATION Spray PER Un- 
or Insxc- PER Square Treated treated Mor- 
TICIDE Pio! Foor Grass Grass TALITY 





Percent Quarts Milligrams Number Number Per cent 
Technical DDT 


0.25 2112 
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residual oil (liquid and solids)* 
2375 70 999 
750 7 632 
DDT residual oil (liquid only) 


2.0 380 682 
2.0 760 682 
2.0 1520 682 
2.0 
2.0 


mao BS CuBoucoooo 


23 


1900 682 
3800 682 





1 For convenience in calculation 1 quart was considered equiv- 
alent to 950 ml. 

? Duplicated test. 

* Three replicated tests. 


plots receiving an emulsion containing 0.5 
per cent of DDT gave mortalities ranging 
from 92 to 97 per cent. These results 
were also somewhat erratic, but work with 
other types of media has shown that kills 
are dependent more on the amount. of 
residue than upon the quantity of spray 
applied. 

For beach applications it is impractica- 
ble to use emulsions containing less than 
0.5 per cent of DDT. Two gallons of spray 
per 100 square feet at this concentration 
give a residual deposit of about 380 mg. of 
DDT per square foot, which has been con- 
sistently effective in the plot tests (2 
quarts per 25 square feet). The same de- 
posit could be applied in smaller amounts 
of spray by increasing the concentration 
but it is believed inadvisable to do so be- 
cause of possible faulty coverage under the 
present method of application. 

The first lot of DDT residual oil, which 
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contained crystalline solids, was used in 
these tests. Both the entire mass of liquid 
and solids and the liquid portion alone 
were tested. The solids in the mixed por- 
tion were redistributed in the liquid by 
agitation before use. The liquid portion 
was separated by decanting. 

As will be seen in table 1, there was lit- 
tle difference in the toxicity of the two 
portions. Five tests of the liquid portion, 
applied in graduated doses, gave fly mor- 
talities of 74 to 99 per cent. The toxicity of 
DDT appears to be about five times that 
of DDT residual oil. 
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considerably from day to day, but these 
plots were from one-half to two-thirds 
submerged at high tide and at times com- 
pletely inundated for short periods. The 
parallel replicates of these plots were 
caged at the insectary. Emergence records 
were made daily on the entire series. 

The results of these tests, which are 
summarized in table 2, indicate a mortal- 
ity of 76 per cent due to tidal submergence 
Although the effect of submergence upon 
the insecticide was evidently rather severe 
in the DDT-treated plot, the combined 
effect of the tide and the spray application 


Table 2.—Plot tests showing effect of exposure to tidal washing on the mortality of dog flies in 


marine grass sprayed with DD 


and DDT residual oil in bay-water emulsion or suspension. 








CONCENTRATION 


OF 
TREATMENT 


INSECTICIDE 


Fires SURVIVING 
INSECTICIDE — 
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Per Cent 


Milligrams Num ber 


Series 1, dosage 2 quarts per plot 


Emulsions: 
DDT 0.5 
DDT residual oil (lot 1, liquid portion) 2.5 
Check (untreated) _ 


380 1 
1900 19 
_ 621 


Series 2, dosage 4 quarts per plot 


0.25 


DDT residua 1.25 
1.75 


Check (untreated) _ 


Se Bat on prey suspension 


oil (lot 2), emulsion 


380 15 
1900 1 
2660 0 

_ 69 





The control of dog fly breeding in bay 
grass is complicated by the fact that much 
of the grass is subjected to partial tidal in- 
undation. The effect of this submergence 
on the performance on insecticide applica- 
tions is difficult to appraise. Storm tides in 
themselves are often an important factor 
in natural control. 

Tests were also made to determine the 
effect of tidal submergence on infestations 
in both treated and untreated grass. Six 
plots of grass heavily infested with eggs, 
larvae, and pupae of the dog fly were 
placed on screen trays. In one series two 
of these plots were surface-treated with 2 
quarts of 0.5 per cent DDT emulsion and 
two with the same amount of a 2.5 per 
cent DDT residual-oil emulsion; two plots 
were untreated. On the treated plots the 
residue load of DDT was approximately 
380 mg. per square foot and of residual oil 
1900 mg. One plot of each treatment and 
one check were transferred to the beach 
and placed in the tide wash. Tides vary 


resulted in a kill which was approximately 
90 per cent of that obtained with the 
check out of water. In the plots treated 
with a 2.5 per cent emulsion of DDT 
residual oil, more flies survived from the 
plot not tide-washed than from its tide- 
washed parallel. 

In a second series two emulsions of 
DDT residual oil (lot 2) were compared 
with a 10 per cent DDT-pyrophyllite 
dust applied as a suspension in bay water. 
Owing to the difficulty of keeping the sus- 
pension properly agitated because of the 
large amount of pyrophyllite present, the 
DDT content of the diluted spray was cut 
to 0.25 per cent and the quantity of spray 
increased to 4 quarts. 

The dust suspension was definitely less 
effective than the same amount of DDT 
applied in a water emulsion (series 1). 
This was true of both the plot subjected 
to tidal inundation and its parallel out of 
water. The DDT residual oil applied at 
five times the concentration of technical 
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DDT was, with one exception, equally as 
effective, and at seven times the strength 
of DDT the residual oil was definitely 
more lethal, both when subjected to tidal 
submergence and when entirely out of 
water. 

In the second series of tests the infesta- 
tion was less dense than in the first, be- 
cause the series was not set up until Oc- 
tober 25, when fly activity was past its 
peak. The emergence records were con- 
tinued until December 23; one fly 
emerged as late as November 22. 

Storm tides of several days’ duration 
frequently throw immense quantities of 
grass far above normal tide levels, and 
such grass may become a source of pro- 
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Table 3.—Beach tests of bay-water emulsions of DDT and DDT residual oil applied to deposits 
of infested marine grass for the control of the dog fly. 
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exposure produced 4 flies each. This test 
verifies a point determined in 1942, i.e., 
that grass 3 to 4 weeks old is definitely 
past critical susceptibility as a fly-breed- 
ing medium (Simmons 1944). 

Breacu Tests.—A number of beach 
tests were made in which a half-mile to 
a mile of beach was treated in a manner 
simulating control procedure. For this 
work a small power sprayer with a 50-gal- 
lon tank and a pump delivery of about 3 
gallons per minute at 350 pounds pressure 
was loaded in a flat-bottomed skiff and 
propelled along the shore. At intervals, 
where examination revealed appreciable 
infestation, an emergence cage was 
erected over sprayed material and an- 
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Per cent 
DDT 0.5 Aug. 23 Allenton Heavy 
Sept.27 West Bay Moderate 
Oct. 5 Big Lagoon Slight 
DDT residual " 
oil (lot 1) 3.0 Oct. 5 Big Lagoon None 


Total 








Number Number Days Number Number Per cent 







6 6 26 15 91 34 

5 5 47 21 278 90 

4 2 36 1 412 99 

4 2 36 0 93 100 
37 874 





lific fly breeding. Tests were therefore 
made to determine: the period green un- 
infested grass is protected by a DDT sur- 
face spray, when tide washing is not a fac- 
tor. Four standard plots of green unin- 
fested grass were sprayed with 2 quarts 
each of a 0.5 per cent DDT-bay water 
emulsion. Four similar plots were left 
untreated as checks. Two of these eight 
plots, one treated and one untreated, were 
exposed to infestation for 15 days im- 
mediately after spraying. The other three 
pairs of plots were protected under large 
screen cages and exposed, respectively, at 
the end of 7, 21, and 28 days after spray- 
ing. After 14 days exposure to fly infes- 
tations, each pair was caged and fly 
emergence checked daily. No flies emerged 
from the plot treated and exposed im- 
mediately after spraying, while 151 
emerged from its check. No flies emerged 
from the plot protected for 7 days subse- 
quent to spraying, while 115 emerged 
from the check. The treated plot pro- 
tected for 21 days produced 1 fly and the 
check 6 flies, while the treated and the 
check plot protected for 28 days before 















other over comparable unsprayed mate- 
rial. Cage sites were established prior to 
spraying, with as little disturbance to the 
grass deposits as possible. The grass de- 
posits were heavily tide-washed in some 
instances, and entirely out of water in 
others. 

Since these tests were conducted in 
widely separated areas, it was rarely 
possible to make fly counts oftener than 
every other day, although sufficient daily 
observations were included to check the 
reliability of that procedure. Table 3 
shows the results of these tests. 

Heavy tidal washing can be expected 
to lessen the durability of any insecticide 
application. It is difficult to understand 
how fly larvae tolerate the tidal sub- 
mergence to the extent they apparently 
do. They are, however, extremely sensi- 
tive to moisture changes in the media, and 
are inclined to migrate upward as the wa- 
ter table rises. Furthermore, experiment- 
ally larvae entirely submerged for 5 to 6 
hours have recovered, and it is probable 
that pupae are even more resistant. In the 
test at Allenton (Table 3), although the 
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grass was heavily tide-washed for a major 
part of the 26-day observation period, the 
check cages produced 91 flies, against 15 
from cages over treated material. Eggs 
present on the grass at the time of spray- 
ing were apparently eliminated by the 
treatment, probably because of their ex- 
posed location. Factual evidence of this 
is contained in the detailed records of the 
test at West Bay, where the 21 flies sur- 
viving in the treated plots appeared in 
about the first 10 days after treatment. 
On all the plots in this test eggs were 
present in liberal numbers at the time of 
spraying, and the 278 flies from the check 
cages appeared in two distinct waves— 
one of 211 flies emerging in the first 10 to 
12 days, and the other of 67 flies in the last 
2 weeks of the test. This test was under 
observation 47 days, and the last 67 flies 
to emerge in the check plots were un- 
doubtedly from eggs present on the grass 
at the time of the treatment. 

In the addition to the beach tests, a 
substantial mileage of grass deposits was 
treated with surface applications of either 
DDT or DDT residual oil. These applica- 
tions provided a means of studying the 
equipment and labor requirements of this 
type of control under a variety of the 
natural handicaps. They also permitted 
the treatment of several highly critical 
areas which for various reasons could not 
be sprayed with creosote. In the entire 
season’s operations, including both ex- 
perimental and control areas, 75 miles of 
shore line containing 41 miles of grass 
were treated with 7545 gallons of spray, 
or at an average rate of about 186 gallons 
per mile. The grass deposits varied from 
heavy to light and were representative of 
the conditions usually encountered. The 
maximum amount of spray applied per 
mile was 600 gallons and the minimum 
100 gallons. It has been concluded that 
200 gallons is sufficient for average con- 
ditions. 
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The DDT surface sprays have many 
advantages over the present creosote-bay 
water sprays, chief of which are large 
savings in material costs, transportation, 
labor, and equipment. Most of the bays 
on which control operations are required 
are extremely shallow, and therefore offer 
considerable difficulties, especially at low 
tide, in the use of the heavy deep-draft 
equipment necessary for creosote spray- 
ing. The ideal equipment for applying the 
DDT sprays has not yet been devised, but 
in general it should consist of light spray- 
ers in mobile, shallow-draft, self-propelled 
boats. 

SumMary.—Tests of light surface sprays 
of bay-water emulsions of both technical 
DDT and the DDT residual oil have 
shown that either of these materials can 
be effectively used as a control for stable- 
flies, or dog flies, Stomorys calcitrans 
(L.), breeding in deposits of marine grass. 
Small-plot tests have shown that DDT is 
approximately five times as toxic as DDT 
residual oil. When applied to grass al- 
ready infested at a concentration of 0.5 
per cent for DDT and 2.5 per cent for the 
residual oil, at the rate of 2 gallons per 100 
square feet, a 90 to 95 per cent mortality 
of emerging adults was obtained. When 
DDT was applied at the same concentra- 
tion and dosage to uninfested green grass 
not subjected to tidal washing, the grass 
was permanently protected from critical 
fly breeding. Infested grass treated and 
subjected to tide wash showed an indi- 
cated mortality of 90 per cent from the 
combined effect of the spraying and tidal 
submergence. Beach tests, where mate- 
rials were applied in a manner simulating 
control procedure, gave an indicated con- 
trol of 84 per cent on heavily tide-washed 
material and 99 to 100 per cent control on 
grass deposits not subjected to any tidal in- 
undation. The maximum amount of dilute 
spray applied per mile was 600 gallons, and 
the minimum 100 gallons.—8-25-45. 
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DDT to Control Ticks on Vegetation 


Carrouu N. Smita and Harry K. Goucr, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


In a recent paper (1944) the authors 
discussed the toxicity of DDT (1-tri- 
chloro-2,2-bis(p-chlorophenyl)ethane) to 
unfed ticks, and reported that it had been 
used successfully to control the black- 
legged tick, Ixodes ricinus scapularis Say, 
on roadside vegetation. It was stated that, 
of various solvents tested, pine oil pro- 
duced the most effective sprays, when 
used with a satisfactory emulsifier. The 
following discussion is presented to recom- 
ment the use of soluble pine oil,' a com- 
mercial product which contains an emul- 
sifier, and to report successful field tests 
against other species of ticks. Soluble pine 
oils are available in most localities, as they 
are widely marketed as pine oil disinfect- 
ants. 

Sprays containing DDT (technical 
grade) dissolved in soluble pine oil and in 
plain pine oil were compared in labora- 
tory tests against unfed adults of the lone 
star tick, Amblyomma americanum (L.), 
and the American dog tick, Dermacentor 
variabilis (Say). Both solvents were used 
at the rate of 5 fluid ounces to 1 avoir- 
dupois ounce of DDT. An emulsifier 
(Areskap*) was added to the plain pine 
oil, but the soluble pine oil was used 
without an additional emulsifier. The 
soluble-pine-oil emulsions were slightly 
less effective at lowconcentrationsof DDT, 
but at the strength used in field applica- 
tions both were equally effective and the 
former were more stable. Soluble pine oil 
was therefore used in the following field 
experiments. 

Tests AGAINST THE Lone Star Tick. 
—Field tests against Amblyomma ameri- 
canum were made with dusts and sprays 
containing DDT and other insecticides in 
plots of } or yy acre laid out in heavily 
infested woodland near Savannah, Ga. 
Collections were made by dragging a sheet 
of white flannel, 1 yard wide by 1} yards 
long, across each plot along eight parallel 
lines. At the end of each two crossings all 
ticks were removed from the cloth and 
returned to the vegetation. Shortly after 


1 A commercial grade with a specific gravity of 0.950—-0.960 at 
15.5° C., containing not more than 10 per cent of water and not 
less than 80 cent of destructively distilled pine oil, together 
with an cnattibe. 

2 Sodium monosulfonate of butylphenylphenol. 


the original collection was made, usually 
on the next day, the test plots were 
sprayed or dusted; one plot was left un- 
treated as a check. Collections were made 
at intervals thereafter in the same man- 
ner as the original collection. 

The amount of spray required to cover 
a plot ranged from 10 to 13 gallons, de- 
pending on the density of the vegetation. 
The entire surface of the ground and all 
vegetation up to 3 or 4 feet above ground 
were covered with the spray. No injury 
to plants was apparent in any of the tests. 


Table 1.—Abundance of lone star ticks in 
woodland plots following treatment with a DDT 
spray applied on April 25, 1944, at the rate of 6 oz. 
DDT per acre. 








Per Cent oF OrIGINAL INFESTATION 
AFTER SPRAYING 














DDT Check (Untreated) 
CoLLEc- 
TION Nymphs Adults Nymphs Adults 
Date (349)! (17) (189) (27 
April 27 3 6 82 122 
29 1 0 118 233 
May 1 1 6 127 M41 
5 5 0 142 181 
10 3 0 146 119 
15 6 12 205 211 
22 6 35 167 215 
June 1 2 12 152 296 
17 4 59 278 637 
July 1 2 47 134 193 
! Figures in parenthesis are numbers of ticks collected on 


April 24, the day before the plots were sprayed. 


All the tests here reported were con- 
ducted during a period of increasing tick 
abundance, as shown by the checks and 
other observations. Previous experience 
has shown that at such times it is es- 
pecially difficult to obtain reductions in 
tick abundance that persist for more than 
a few days, as the numbers of newly active 
ticks are constantly increasing. The pro- 
longed control obtained with DDT is 
therefore the more outstanding. 

Table 1 gives results of tests of a DDT 
spray consisting of 0.96 ounces of DDT, 
4.8 fluid ounces of soluble pine oil, and 
water to make 15 gallons. 

The DDT gave excellent results against 
nymphs for 68 days, and against adults 
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for a shorter period. Even after 53 days 
the adults were only 59 per cent as abun- 
dant as they were originally, whereas in 
the check area the relative abundance was 
637 per cent. 

In table 2 light and heavy applications 
of DDT as a dust are compared with a 
light application as a spray. The dusts 
contained 1 and 5 per cent of DDT in py- 
rophyllite, and the spray contained ap- 
proximately 0.05 per cent of DDT, in the 
same formula that was used in the previ- 
ous tests. The 5 per cent dust gave excel- 
lent control of nymphs and adults, holding 
the former to 3 per cent and the latter to 
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days, while in the check they increased to 
183 and 215 per cent, respectively. 

Only once was DDT entirely ineffec- 
tive against the lone star tick—when a 
dust containing 1 per cent of DDT was 
compared with one containing 3 per cent 
of rotenone (as ground derris root in py- 
rophyllite). The rates of application were 
4 ounces of DDT and about 8 ounces of 
rotenone per acre. Neither material gave 
satisfactory results, and the experiment 
was terminated after the eleventh day. 

From this series of tests it may be con- 
cluded that DDT applied at the rate of 1 
pound per acre will control nymphs and 


Table 2.—Comparative abundance of lone star ticks in woodland plots following treatment with 
DDT spray and dusts. Treatments applied on May 16, 1944. Dosage of DDT per acre: As spray, 5 0z.; 


as 1 per cent dust, 5 oz. ; as 5 per cent dust, 3 Ibs. 








Per Cent or Oricrnat InrestatTion Arter TREATMENT 





DDT Spray 





1% DDT Dust 


5% DDT Dust Check (Untreated) 

















COLLECTION Nymphs Adults Nymphs Adults Nymphs _ Adults Nymphs Adults 

Dare 138)! (13) (294) (25) (345) (48) (388) (57) 
May 17 16 0 20 24 2 0 70 112 
18 19 38 14 16 3 0 59 72 

20 33 31 33 40 3 2 90 89 

22 10 0 — — 3 6 81 102 

27 9 15 19 44 2 2 87 116 
June 1 6 8 18 28 3 4 74 140 
7 4 8 17 48 1 + 132 291 

17 3 23 13 8 1 8 136 302 

July 1 7 8 13 24 0.3 2 65 91 





1 Figures in parenthesis are numbers of ticks collected on May 15, the day before the plots were treated. 


8 per cent of their original number for 46 
days, whereas abundance in the checks 
increased to 136 per cent and 302 per cent, 
respectively. The 1 per cent dust and the 
spray were not completely satisfactory, 
although they reduced tick abundance. 
The spray was less effective than in the 
previous test. 

Heavier applications of DDT asa spray, 
with and without nicotine sulfate, are 
compared in table 3. One spray contained 
1.9 ounces of DDT, 9.6 fluid ounces of 
soluble pine oil, and water to make 15 
gallons; the other contained the same 
amounts of DDT and soluble pine oil and 
also 9.6 fluid ounces of a 40 per cent solu- 
tion of nicotine sulfate. Both sprays gave 
excellent control of nymphs and adults, 
but the nicotine sulfate increased the 
speed of action considerably. With it the 
abundance of nymphs did not exceed 1 
per cent of the original number, and that 
of adults did not exceed 4 per cent, for 37 


adults of the lone star tick for a period well 
in excess of a month, and possibly for the 
entire season of activity. 

Other materials are known to give good 
initial results, but the treated areas are 
subject to reinfestation, and tick abun- 
dance soon returns to about normal. It 
seems certain, therefore, that the DDT 
has a pronounced residual effect on ticks, 
as it does on many insects. This is con- 
firmed by the fact that we were unsuc- 
cessful in attempts to reinfest artificially 
areas that had been sprayed with DDT. 

Tests AGAINST THE AMERICAN Doc 
Tick.—A single field test with DDT 
against adults of Dermacentor variabilis 
was conducted at West Tisbury, Mass. 
Since adults of this species are usually 
concentrated on roadside vegetation, only 
roadside strips were treated. Laboratory 
tests having indicated this species to be 
more resistant to DDT than Ambly- 
omma americanum, the DDT content of 
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Table 3.—Comparative abundance of lone star ticks in woodland plots follo 
DDT sprays, with and without nicotine sulfate. Sprays applied on June 1, 1944. 
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treatment with 
e per acre: 





DDT 1 Ib., 40 per cent nicotine sulfate 5 pts. 





Per Cent or OrIGInaL INFEesTaTION AFTER SPRAYING 











DDT DDT-Nicotine Check (Untreated) 

COLLECTION Nymphs Adults Nymphs Adults Nymphs Adults 
Date 496)! (54) 922) (74) (o87) (80) 
June 2 18 19 1 0 137 140 
3 5 0 0.5 1 148 150 
5 2 6 2 1 121 155 
7 1 4 2 1 178 208 
17 0.4 4 1 3 183 215 
July 1 6 2 1 1 88 65 
8 4 2 1 + ot 65 





1 Figures in parenthesis are numbers of ticks collected on May 31, the day before the plots were treated. 


the spray was increased. A spray contain- 
ing 9.6 ounces of DDT and 48 fluid ounces 
of soluble pine oil in water to make 15 gal- 
lons was compared with one containing 


Table 4.—Comparative abundance of Ameri- 
can dog ticks in roadside plots following treat- 
ment with DDT. Treatments applied on June 9, 
1944. Dosage of DDT per acre: With DDT spray, 
7 lbs.; with DDT-nicotine spray, 9 Ibs. (40 per 
— nicotine sulfate, 9 pts.); with DDT dust, 
3 Ibs. 








Per Cent or Or1IGInaL INFESTATION 
Arter TREATMENT 








DDT- Check 
Coutec- DDT Nicotine DDT (Un- 
TION Spray Spra Dust treated) 
Date (450)! (355 (368) (125) 
June 10 0.9 0.8 12 106 
12 ‘a 0 6 86 
13 0 0 6 99 
15 2 0 + 82 
19 0 3 5 98 





! Figures in parenthesis are numbers of ticks collected on 
June 8, the day before the plots were treated. 


the same amounts of DDT and soluble 
pine oil and also 9.6 fluid ounces of 40 per 
cent nicotine sulfate. A dust containing 5 
per cent of DDT in pyrophyllite was in- 
cluded in the experiment. The results are 
presented in table 4. Control was better 


than 99 per cent with both sprays, and 
better than 90 per cent with the dust, for 
a period of 10 days. A much lighter appli- 
cation of DDT as a spray would probably 
be satisfactory. 

SumMary.—A commercial grade of sol- 
uble pine oil was found to be satisfactory 
as solvent and emulsifier for DDT in the 
preparation of sprays for tick control. 

Sprays containing DDT (technical 
grade) dissolved in soluble pine oil and 
emulsified in water gave excellent control 
of nymphs and adults of the lone star tick, 
(Amblyomma americanum (L.), in wood- 
land plots, when applied at the rate of 1 
pound of DDT per acre. At the rate of 6 
ounces of DDT per acre the control was 
less complete, but still highly satisfactory, 
and reductions in the abundance of 
nymphs and adults were apparent for 68 
and 53 days, respectively. At 5 ounces of 
DDT per. acre the control was less com- 
plete. 

Dust containing DDT in pyrophyllite 
was effective at 3 pounds but not at 4 and 
5 ounces of DDT per acre. 

Sprays and dusts containing DDT gave 
excellent control of adults of the American 
dog tick, Dermacentor variabilis (Say), 
when applied at the rates of 9, 7, and 3 
pounds of DDT per acre.—8-30-45. 
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DDT and Rotenone Used in Oil to Control the 
California Red Scale 


Water Espeuina'* 


In field experiments on the control of 
the California red scale, Aonidiella au- 
rantii (Mask.), DDT®* was first used at 
this Station in November, 1948. Previ- 
ously laboratory experiments by Lind- 
gren et al. (1944) had shown very little 
increase in the toxicity of the oil to adult 
red scale attributable to the addition of 
DDT, but had shown a marked increase 
in the residual effect of the spray, that is, 
the ability of the residue to prevent the 
“crawlers,” born of those insects not suc- 
cumbing to the oil spray treatment, from 
settling on the tree surface or from reach- 
ing maturity if they did manage to settle. 
In the experiments discussed in this 
paper, a determination was made of the 
long-term effectiveness of DDT against 
the red scale in orange and lemon orchards. 

The inclusion of treatments in which 
derris extractives or ground cube root was 
either added to the DDT or used alone 
in the oil, was prompted by the common 
observation that while these toxicants in- 
creased the percentage of scales killed by 
the spray, they often added nothing to 
the long-term effectiveness of the treat- 
ment as based on a comparison of the 
red scale infestation in the treated and 
untreated plots from six months to a year 
after treatment. The data shown in this 
paper tend to substantiate this belief. 

Mareriats Usep aNd Mernops or 
AppLicaTION.—The petroleum oils used 
in the investigation were of the following 
types: heavy medium spray oil, 35 per 
cent distilled at 636° F., viscosity 87 
seconds Saybolt at 100° F., unsulfonated 
residue 92 per cent; light medium spray 
oil, 56 per cent distilled at 636° F., vis- 
cosity 70 seconds Saybolt at 100° F., un- 
sulfonated residue 90 per cent, mineral 
seal oil, 90 per cent distilled at 636° F., 
viscosity 47 seconds Saybolt at 100° F., 
unsulfonated residue 88 per cent; and 
kerosene, initial boiling point 360° F., end 
point 498° F., unsulfonated residue 95 
per cent. 


1 Associate Entomologist, University of California Citrus 
Experiment Station, Riverside, California. 

* The writer wishes to acknowledge the assistance of Messrs. 
Rowland A. Maddox, Loren S. Harris, and Gene Wood, Labora- 
tory Assistants at the Citrus Experiment Station. 

4 2,2 bis (parachlorophenyl) 1,1,1,trichloroethane. 


The DDT was either dissolved in the 
oils at 80° C., or used in the form known as 
Gesarol AK-20, which contains 20 per 
cent DDT and 80 per cent of an extender, 
or used as a dust of 5 per cent DDT and 
95 per cent tale. 

The derris extractives contained 30 per 
cent rotenone. Five grams of derris ex- 
tractives was dissolved in 100 ml. of n- 
butyl phthalate and this solution was 
added to the spray oil in the proportion 
of 1 part to 7 parts of oil. The cube root 
contained 5 per cent rotenone. One pound 
of cube root was added to whatever 
amount of oil was to be used in 100 gallons 
of spray. The cube root was mixed for a 
few minutes and allowed to stand in the 
oil for at least 20 minutes before being 
used. 

Blood albumin spreader was added to 
the spray at the rate of 1 pound to 100 
gallons of spray whenever the regular oil 
sprays were used, but when kerosene or 
AK-20 were used, calcium caseinate 
spreader was added at the rate of 1 pound 
to 100 gallons of spray. 

The sprays were applied by means of a 
400 gallon capacity power sprayer with 
500 pounds pressure and using 8/64 inch 
disks in the nozzles. The applications were 
made in accordance with good commercial 
practice. 

The dust was applied by means of the 
most modern type of citrus power dust- 
er. 
Om anp DDT Deposits on Fowtace. 
—In the experiments in which derris ex- 
tractives and cube root were used in oil, 
the amount of oil deposited by the spray 
was determined by means of a steam-dis- 
tillation method (Gunther and 1? aDue, 
1944). It was shown that neither DDT 
nor cube root had any significant effect 
on the oil-depositing ability of the spray, 
but that derris extractives in n-butyl 
phthalate had a tendency to decrease de- 
posit of oil despite the fact that the 
amount of oil in the sprays was always the 
same whether the n-butyl phthalate-der- 
ris extractives solution was added or not. 

In the experiments in which DDT was 
added to the oil the amount of DDT 
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washed from the surface of 200 leaves, in 
two lots of 100 leaves each, was deter- 
mined. The leaves were picked as soon as 
the water had evaporated after the spray 
treatment. The DDT was removed the 
following day and analyses made accord- 
ing to a method devised by Gunther 
(1945). [Previous experiments had shown 
that DDT had no important effect on the 
oil-depositing properties of the spray.] 

It should be borne in mind that pene- 
tration of the oil into the under side of a 
citrus leaf is rapid because the stomata are 
located exclusively on the under side. 
Therefore, much of the DDT deposited 
by an oil spray cannot be recovered 
merely by washing the leaves and is there- 
fore not included in the figures for the 
amount of DDT recovered in tables 1 and 
2. The amount of DDT penetrating from 
the Gesarol AK-20 spray would be very 
small, if we may judge from analogy with 
results obtained by Mr. Francis A. Gun- 
ther in a study of the penetration of DDT 
into citrus fruits." 

Although 5 per cent kerosene spray with 
DDT at a concentration of 4 grams to 100 
ml. of oil contains about 15 per cent less 
DDT than a spray containing 10 pounds 
of AK-20 to 100 gallons of spray, and 
much of the DDT disappears by penetra- 
tion into the under side of the leaves in 
the case of the kerosene spray, the amount 
of DDT recovered on the surfaces of the 
leaves was about the same with the two 
types of spray. The immediate insecticid- 
al effect of either spray is very small, yet 
the kerosene-DDT spray is much more ef- 
fective in controlling the red scale than the 
AK-20 spray. This indicates that the 
needle-like crystalline form in which the 
DDT is laid down by the kerosene spray 
is more efficient in inhibiting the settling 
and development of red scale crawlers 
than the type of deposit laid down by an 
aqueous suspension. 

Mernops or Evatuatine Resuits.— 
Since the advantage of DDT when used 
against red scale lies primarily in its pro- 
longation of the residual effect of the 
spray, obviously counts on per cent of 
initial kill reveal very little as to the ul- 
timate effectiveness of the toxicant. In 
cooperation with Dr. C. O. Persing, a 
system of field evaluation based on popu- 


‘ Francis A. Gunther, 1945. Studies on the penetration of 
DDT into citrus fruits. Data on file at the Citrus Experiment 
Station. [Gesarol AK-20 consists of 1 part DDT and 4 parts of 
an inert extender.] 


lation density was devised. This study is 
still proceeding, but pending an ultimate 
decision as to the exact procedure, the 
field evaluations have usually been based 
on a count of the number of adult red 
scale on definite “units” consisting of 
green twigs, leaves, or fruits, preferably 
the latter. Ten or 12 trees per subplot and 
40 or more units per tree were examined. 
There were 2 or 3 subplots per treatment 
in each orchard. Counts of the number of 
adult scales per unit were made before 
the treatment and the post-treatment 
counts were made on the same trees at 
periods of from 3 to 14 months after 
treatment, depending on how rapidly the 
red scale population increased to the point 
at which adequate counts could be made. 

Sometimes pre-treatment counts had 
to be made on a different unit than the 
counts made in the final appraisal of the 
effectiveness of the treatments. In these 
cases by dividing the post-treatment 
counts by the pre-treatment counts, fig- 
ures were arrived at which showed the 
relative degree of infestation for the vari- 
ous treatments with corrections made for 
original differences in population density 
between the plots. 

Lone-terM Errect or DDT Usep 
Wits anp Witrnovut O11.—Among five 
experiments made in lemon orchards in 
November, 1943, only two showed any 
substantial increase in effectiveness of the 
treatment caused by the addition of DDT 
to the oil at the rate of 4 grams to 100 ml. 
of oil. On the other hand, all the oil-DDT 
solutions applied during the summer 
months showed considerable increase in 
insecticidal effectiveness due to the DDT. 
This is to be expected in view of the fact 
that DDT is mainly effective in inhibiting 
the settling and development of the 
crawlers, and the production of crawlers is 
many times as great in the summer as in 
the winter. 

Among six experiments made during the 
summer months the results of two, which 
were considered to be typical, are pre- 
sented in tables 1 and 2. It can be seen 
from table 1 that light medium oil at only 
1 per cent concentration, mineral seal oil 
at 1.75 per cent concentration, and kero- 
sene at 5 per cent concentration, all three 
of which contained DDT at 4 grams to 100 
ml. of oil, were as effective or more ef- 
fective than 1.75 per cent heavy medium 
emulsive oil without DDT. 
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As seen in table 1, the AK-20 spray, 
which contained no oil whatever, showed 


some insecticidal value as compared to the ~ 


untreated check in the experiment discus- 
sed above, but the results were definitely 
unsatisfactory as compared to the reg- 
ular oil spray either with or without DDT. 

The 5 per cent DDT dust (Table 1) 


Table 1.—Effect of DDT added to regular oor 
t AW.¥ red scale 


weous suspension or in dust form, on the a 
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after treatment they still had only 39.2 
per cent as much scale. 

The writer believes that 5 per cent kero- 
sene might be dangerous when used on 
young trees because of the likelihood of 
kerosene soaking into the trunk of the 
tree beneath the soil line and killing the 
bark unless the rather cumbersome meas- 


oil, mineral seal oil, kerosene, and used as an 
pulation in a lemon orchard. 


= were sprayed on July 19, 1944. The counts were made before treatment and again three 


and six months after treatment.! 








DDT 


NuMBER oF ScALEs PER UNIT 


Corrected Reta- 





Recov- 
ERED 
mg./sq. 


TREATMENT cm. 


Before 
Treatment 
Seales 

per Leaf per Fruit 


TIVE INFESTATION? 


Oct. 6, Jan. 26, 
sacha 1945 


Oct. 6, 
1945 
Scales 


Jan. 26, 
1945 
Seales 
per Fruit 





Emulsive heavy medium 
1.75% 

Emulsive light medium 1%, 1.4 
DDT 4 g.—100 ce. 

Mineral seal oil 1.75% DDT 9 
4 g.—100 ce. 

Kerosene 3%, DDT 4 g.-100 
ce. 

Kerosene 5% 


0.0 


, DDT 4 g.-100 


ce. 
AK-20, 10 lb.-100 gal. 
AK-20, 10 |b.-100 gal. spray. 
Two applications, applied 
7/19/44 and 8/22/44 
5% DDT dust 1.5 lb. per 
tree applied 7/13/44 and 
8/29/44 
Check (untreated) a 


0.42 1.08 4. 32 102 


0.86 6.40 150 
0.36 . 4.13 
45 a — 


.57 
34 
51 
100 


0.69 6.38 





The figures which pertain to scale population are the average for three su 
* “Corrected relative infestation” is obtained by dividing the number of 


bplots. 
per fruit after treatment by the number of scales 


per leaf before treatment and multiplying by 10. Counts on the fruit could not be made before treatment because very few fruits 


were on the trees at that time. 


* The plot had to be retreated because of the severe infestation before the second count was made. 


appeared to have actually increased the 
red scale population as compared to the 
untreated plot. 

The residual effect of the DDT when 
applied in kerosene sprays is very high, 
when one considers that kerosene alone in 
3 or 5 per cent concentrations has prac- 
tically no value in red scale control. In all 
experiments in which 5 per cent kerosene 
with DDT was used it was as effective or 
more effective than the regular oil spray 
treatment in reducing the red scale popu- 
lation over periods as long as 7 months. 
In the experiment shown in table 1, the 
trees sprayed with 5 per cent kerosene- 
DDT had only 31.2 per cent as much 
scale on the fruit as the trees sprayed with 
1.75 per cent heavy medium emulsive oil 
3 months after treatment, and 6 months 


ure of throwing a mound of soil around 
the trunks prior to spraying is used to 
avoid this type of damage. This is assumed 
from the fact that such injury was ob- 
tained from the use of 8 to 10 per cent 
kerosene spray when large quantities of 
kerosene were used in spraying citrus 
trees in the 1940-41 season. The writer be- 
lieves that 3 per cent kerosene spray 
would probably not result in the girdling 
effect often obtained from the higher dos- 
ages of kerosene. No damage has been ex- 
perienced so far from 3 per cent kerosene 
spray even when applied to young trees 
having a depression in the soil around the 
trunk to catch and confine to the trunk 
large quantities of spray, a condition most 
conducive to injury with the 8 to 10 per 
cent dosages of kerosene. 
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The 3 per cent kerosene-DDT spray 
was usually not as effective as regular oil 
spray. However, in an experiment in 
which the amount of DDT in the kero- 
sene was doubled by means of a mutual 
solvent (cardanol) which does not result 
in a reduction in oil deposit as do the 
majority of mutual solvents, the 3 per 
cent kerosene-DDT was about as effective 
as 1.75 per cent heavy medium oil. 

Unfortunately cardanol is injurious to 
the foliage and is for that reason unsatis- 


It is hoped that the effectiveness of 3 
per cent kerosene-DDT may be increased 
to make it comparable to the effectiveness 
of 5 per cent kerosene-DDT as it has per- 
formed during the past season. The fol- 
lowing measures are being investigated 
to bring about this result: (1) increasing 
the oil-depositing properties of the kero- 
sene spray, (2) increasing the DDT con- 
tent of the spray and (3) reducing the 
penetration of kerosene into the various 
parts of the tree, thus causing more of the 


Table 2.—Effect of DDT added to regular light medium spray oil, mineral seal oil, and kerosene, 
on the adult female red scale population in a Valencia orange grove, as based on counts made before 


treatment and 6 months after treatment.' 








BER TREATMENT 





1 Light medium oil 1.75% 

2 Light medium oil 1.75% DDT 4 g—100 ce. 
3 Mineral seal oil 1.75% DDT 4 g.—100 ce. 
+ Kerosene 3%, DDT 4 g.—100 ce. 

5 Kerosene 5%, DDT 4 g—100 cc. 

6 


Kerosene 3%, DDT 4 g.—100 cc. Two applications. 


Applied 7/21/44 and 9/25/44 








NUMBER OF 
ScaLes PER Fruit Per Cent 
or Pre- 
DDT Before TREATMENT 
Recoverep Treat- Jan. $1, | Popua- 
mg./sq.cm. ment 1945 TION 
0.0 1.10 0.54 49 
2.9 3.82 1.438 37 
1.9 3.02 1.15 38 
4.6 1.77 1.43 81 
Rat 2.83 0.92 $2 
4.3? 2.75 0.48 17 





! The res shown in this table which pertain to the scale population are the average for two subplots. 
? This re pertains only to the first of the two treatments which were made in this plot. 


factory as a mutual solvent. Other mutual 
solvents are being experimented with, 
however, which may prove to be satis- 
factory from every standpoint. 

The consideration of the possibility of 
two sprays per year with a treatment hav- 
ing no perceptible injurious effects to 
citrus trees, such as the 3 per cent kero- 
sene-DDT spray, would appear to be 
justified. Accordingly in a Valencia orange 
orchard (Table 2) one of the treatments 
was two sprays with 3 per cent kerosene- 
DDT, the first spray applied July 21, 
1944 and the second spray applied Sep- 
tember 25, 1944, thus making an interval 
of two months between the two sprays. 
Over six months after the first treatment 
the trees in this plot had only 17 per cent 
as many adult scales on the fruit as they 
did at the time the plot was first sprayed 
(Table 2). They had about half as many 
scales as the trees sprayed with 1.75 per 
cent light medium oil-DDT and about a 
third as many as the trees sprayed with 
1.75 per cent light medium oil without 
DDT. 


kerosene to volatilize before entering the 
tree, resulting in the liberation of greater 
quantities of DDT on the tree surface, 
where it comes in direct contact with the 
crawlers attempting to settle. The addi- 
tion of small quantities of aluminum stear- 
ate to the kerosene, causing a gelatiniza- 
tion of the oil (Ebeling 1941), is very effec- 
tive in retarding its penetration, even on 
porous bark. 

The research with kerosene as a carrier 
of DDT is stimulated by the fact that 
kerosene does not have the effect of ac- 
centuating “water spot” a serious malady 
of navel oranges occurring during periods 
of prolonged rainfall. The spray oils being 
used at present in citrus pest control 
greatly accentuate the damage from 
“water spot.” 

LonG-TeRM Errect oF THE ADDITION 
or Derris ExtTRAcTivVes AND CUBE 
Roor.—It has been established beyond 
doubt by a number of investigators that 
derris extractives and cube root, when 
added to spray oil, increase the insecticid- 
al efficiency of the oil against red scale. 





560 JOURNAL OF Economic ENTOMOLOGY Vol. 88, No. 6 
the treatment. Yet it was known that 
usually the initial kill of red scale was in- 
creased when the oi!-toxicant sprays stud- 
ied in the survey were applied. Osburn & 
Mathis (1944) found no significant dif- 


It has not been clear, however, whether 
the long-term effectiveness of the oil spray 
is increased. 

Entomologists of the California Fruit 
Growers Exchange (Woglum 1942) made 


Table 3.—The effect of derris extractives and cube root added to light medium spray oil on the 
adult female red scale population on lemon trees as based on counts made before treatment and at 
various intervals of time after treatment. 








NUMBER OF 
ScaLes PER Fruit Per Cent 
— or Pre- 
Before After TREATMENT 
Treat- Treat- Popu.a- 
ment ment TION 





TREAT- 
MENT 
Num- 

BER 


Ow 
Deposit 


MATERIAL (ml./cm.?) 10° 





Experiment 1. Sprayed Sept. 30, 1948, counted Jan. 5, 1945. 





0.9 
0.6 


49.2 


Emulsive heavy medium 2% 141 
62.5 


Emulsive heavy medium 2%, 1 qt. of 5% derris ex- 124 
tractives in n-butyl phthalate to 100 gal. spray 

Emulsive heavy medium 2%, 1 Ib. cube root to 100 143 
gal. spray 

Emulsive heavy medium 2%, 1 |b. proprietary 165 
ground cube root powder to 100 gal. spray 


Experiment 2. Sprayed Nov. 16, 1948, counted Jan. 24, 1945. 


64.0 1.0 


50.6 1.6 











1 Emulsive light medium, 1.75% 108 1.4 

2 Emulsive light medium 1.75%, 1 qt. of 5% derris ex- 92 3.4 
tractives in n-butyl phthalate to 100 gal. spray 

3 Emulsive light medium 1.75%, 1 lb. cube root to 100 = 108 


gal. spray 


0.8 





Experiment 3. Sprayed Nov. 16, 1943, counted Dec. 1, 1944. 





1 Emulsive heavy medium, 1.8% 182 2.8 
2 Emulsive heavy medium, 1.8%, cube root 1 Ib.to 100 147 $3.1 


gal. spray 





Experiment 4. Sprayed Nov. 18, 1943, counted Oct. 9, 1944. 





Emulsive light medium, 1.8% 83 74 

Emulsive light medium 1.8%, 1 qt. 5% derris ex- 71 64 
tractives in n-butyl phthalate to 100 gal. spray 

Emulsive light medium 1.8%, 1 Ib. cube root to 100 82 57 
gal. spray 

Emulsive light medium 1.8%, 1 lb. proprietary 83 71 
ground cube root powder to 100 gal. spray 








39.8 
29.6 167 





Experiment 5. Sprayed Nov. 18, 1948, counted Dec. 2, 1944. 





1 Emulsive heavy medium 1.8% 136 

2 Emulsive heavy medium 1.8%, 1 qt. derris extrac- 131 
tives in n-butyl phthalate to 100 gal. spray 

3 Emulsive heavy medium 1.8%, 1 lb. cube root to 100 130 


gal. spray 


11.8 337 


17.7 
12.1 28.7 237 





a survey of the results of the commercial 
spraying done with oil-rotenone sprays 
used during the 1941-42 spray season and 
could find no improvement in control at- 
tributable to the addition of rotenone to 
the oil when evaluations were based on 
population density after a generation or 
more of red scale had developed following 


ferences in the population density of Flor- 
ida red scale, Chrysomphalus aonidium 
(L.), on orange and grapefruit trees three 
months after treatment in plots treated 
with oil alone as compared to those 
treated with oil-derris extractives solu- 
tions, even though significantly higher 
kills were obtained in the latter as based 
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on counts made two weeks after treat- 
ment. In the experiments reported by Os- 
burn and Mathis the concentration of 
derris extractives was 41 grams to a gal- 
lon of oil, or approximately 1.2 per cent. 

Ebeling et al. (1944) showed that the 
differences in red scale population in oil- 
toxicant sprayed plots, as compared to 
straight oil sprayed plots, which are 
caused by the greater kill obtained in the 
former, are gradually reduced in magni- 
tude until at the end of a 12-month period 
the plots may again be approximately uni- 
form in population density. In an experi- 
ment graphically presented in the above 
paper, however, an oil-toxicant spray was 
found to have reduced the red scale popu- 
lation as compared to straight oil spray, 
even 9 months after treatment. A similar 
long-term benefit was obtained in an ex- 
periment made in a lemon orchard in 
which a light medium oil at 1.75 per cent 
concentration, to which 1 quart of 5 per 
cent derris extractives (30 per cent rote- 
none) in n-butyl phthalate was added to 
the oil, was compared with 1.75 per cent 
heavy medium oil. Although the oil de- 
posit was less in the plots in which the 
light medium oil-toxicant was used, due 
to the lower viscosity of the oil and the 
emulsifying effect of the mutual solvent, 
nevertheless, the population density of the 
red scale was approximately the same 
with the 2 treatments after they had been 
continued for 3 years. The amount of 
fruit picked from the plots sprayed with 
the light medium oil was, in some of the 
heavy picks, as much as 25 per cent 
greater than in the plots sprayed with 
heavy medium oil, and the fruit was of 
better quality and appearance. 

In the experiments presented in this 
paper the oil-derris extractives or oil-cube 
root sprays varied in their performance to 
such an extent that whereas they greatly 
increased the effectiveness of the spray in 
some experiments, as shown in table 3, 
Experiments 2 and 5, they also apparently 
detracted from the effectiveness of the 
spray in others, as definitely indicated in 
table 3, Experiment 4. 

When cube root was added to kerosene- 
DDT spray at the rate of 1 lb. to 100 gal- 
lons of spray, the effectiveness of the 
spray, based on population density deter- 
minations at long periods after treatment, 
was reduced in nearly all cases; this de- 
spite the fact that cube root is especially 


effective in increasing the insecticidal effi- 
ciency of kerosene, when based on per 
cent of insects killed by the spray (Ebeling 
et al. 1944). 

The effect of predators and parasites in 
red scale control is known to be of very 
minor importance and consequently the 
effect of the rotenone on the predators and 
parasites in retarding the rate of popula- 
tion increase can hardly be conceived as 
accounting for the generally ineffectual 
performance of the oil-rotenone sprays as 
used in the experiments presented in this 
paper. Besides, the derris extractives and 
cube root contributed nothing to the ef- 
fectiveness of the oil-DDT sprays and in 
these sprays it is known that the DDT it- 
self has a high insecticidal effect against 
the entomophagous insects, thus elimi- 
nating the possibility of effect of the rote- 
none on the predators and parasites as be- 
ing a decisive factor. 

As far as the writer is aware, no one 
has as yet offered a satisfactory explana- 
tion for the average lack of long-term ef- 
fectiveness of the oil-rotenone sprays al- 
though the gradual diminution of the ini- 
tial difference in population density in oil 
and oil-toxicant plots may be explained by 
the observation by Cressman & Broad- 
bent (1944) that the rate of increase of a 
sparse population of red scale is greater 
than that of a more dense population. 

The present investigations on derris ex- 
tractives and cube root have shown 
merely that the addition of these toxicants 
to oil in concentrations known to increase 
the insecticidal effectiveness of the oil 
against the red scale does not necessarily 
increase its long-term effectiveness in con- 
trolling the scale. These results do not 
preclude the possibility that the same 
toxicants might increase the long-term ef- 
fectiveness of an oil spray if used in higher 
concentrations in the oil. Cressman & 
Broadbent (1944), working with concen- 
trations of derris extractives of 1.1 and 
1.2 per cent in light medium and heavy 
medium spray oil, found substantial im- 
provement in California red scale control 
from the oil-toxicant solutions as com- 
pared to the oil alone. The improved re- 
sults were obtained in each of 5 lemon 
orchards. The population studies were 
made from 4 to 12 months after treat- 
ment. It is of interest to note, however, 
that Osborn & Mathis (1944) found no 
significant improvement in Florida red 
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scale control 3 months after treatment 
when using the same concentration of 
derris extractives. 

Errect or DDT on Seconpary Pests. 
—In the experiments described in this 
paper an increase in citrus red mites, 
Paratetranychus citri (McG) and citrus 
aphids, Aphis spiraecola Patch, was 
noticed in the regions where these pests 
are normally a problem. If successful 
DDT spray leaving no oily residue were 
designed for red scale control, supplemen- 
tary measures would be necessary for 
other pests whose population is actually 
increased by the DDT because of its in- 
effectiveness against these pests coupled 
with its insecticidal effectiveness against 
their predators or parasites. 

Tue Errect or DDT on Cirrus 
Trees.—On March 27, 1944 an experi- 
ment was begun in which blocks of 8 navel 
orange trees and 8 lemon trees each were 
sprayed with the following: (1) light me- 
dium oil-DDT 1.75 per cent (tank-mix), 
(2) light medium oil-DDT 1.75 per cent 
(tank-mix), (3) kerosene 3 per cent, (4) 
kerosene-DDT 8 per cent, and (5) AK-20, 
10 pounds to 100 gallons of spray. The 
concentration of DDT in the oil and kero- 
sene was 4 per cent (4 grams to 100 ml. 
of oil) and in the AK-20 spray it amounted 
to 2 pounds of actual DDT to 100 gallons 
of spray. Blood albumin spreader was 
used in the tank mix oil spray and casein 
spreader was used in the kerosene and 
AK-20 sprays. At the beginning of the 
experiment the navel orange trees were 
14 years old and the lemon trees were 5 
years old. 

At intervals of 1 to 2 months the entire 
series of sprays was again applied to new 
blocks of trees but 4 trees in each of the 
original blocks of 8 trees were resprayed. 
Thus, with both the oranges and the 
lemons, 4 trees were sprayed 7 times with 
each of the above treatments during the 
period from March 27 to December 16, 
1944. 

The 4 orange trees sprayed with oil- 
DDT 7 times during the less than 9 
months’ period were severely damaged by 
the treatments and contained much dead 
wood. However, they appeared to be in 
no worse shape than the 4 orange trees 
sprayed with oil alone the same number of 
tumes. In the extent of damage or appear- 
ance of the foliage or fruit, no difference 
could be seen between the two plots, 
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when they were examined on February 7, 
1945. The blocks of lemon trees sprayed 7 
times with oil or oil-DDT stood the ordea! 
remarkably well. A slight thinning and 
slightly less green color of the foliage was 
noticed in both plots when they were com- 
pared with adjoining trees which had re- 
ceived only one treatment, but again no 
difference of any kind was discerned be- 
tween the oil sprayed and oil-DDT 
sprayed trees. 

The 3 per cent kerosene and 3 per cent 
kerosene-DDT sprays caused no percepti- 
ble damage of any kind to either the 
orange or the lemon trees in the plots 
sprayed 7 times. The trees appeared as 
well as unsprayed trees. The bark was 
examined below the soil line, but no sign 
of injury could be found. Likewise the 
trees sprayed 7 times with AK-20 ten 
pounds to 100 gallons, were also un- 
harmed by the spray. Naturally then, in 
all plots in which the trees were sprayed 
only once during the year no evidence of 
injury from the DDT was discerned. This 
is in accord with our rather extensive field 
experience in 7 citrus-producing counties. 
In none of our experiments has injury 
attributable to DDT been found. Never- 
theless, we consider that the possibility 
of tree damage from DDT, especially as 
determined by observation over a wide 
area and over a long period of time should 
be carefully considered as one of the im- 
—— phases of investigation on the 

DT problem. 

SummMary.—A method was devised for 
evaluating the effectiveness of insecticide 
treatments based on population studies of 
the red scale at long periods after treat- 
ment. This consisted of counting the num- 
ber of adult red scales on 40 twigs, leaves, 
or fruits per tree in subplots of 10 or 12 
trees each. Two or 3 subplots were 
sprayed with each material. At periods of 
3 to 14 months after treatment, the same 
trees on which the pre-treatment counts 
were made were again examined in order 
that corrections in the final ratio of popu- 
lation density could be made on the basis 
of pre-treatment variation in the plots. 

In experiments in which derris extrac- 
tives or cube root were added to the oil, 
the amount of oil deposited by the sprays 
was determined, and in the experiments in 
which only oil and DDT were used, the 
amount of DDT recovered from the sur- 
face was determined. A 5 per cent kero- 
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sene-DDT spray (4 g. of DDT to 100 ml. 
of kerosene) left about the same amount 
of DDT on the leaf surfaces as Gesarol 
AK-20 used at 10 pounds to 100 gallons 
of spray (2 lbs. of DDT to 100 gals.), yet 
the former was far more effective in con- 
trolling the red scale. Apparently the 
needle-like crystalline form in which the 
DDT is deposited by a kerosene spray 
has greater residual insecticidal value than 
the form in which it is deposited by the 
aqueous suspensions used’ in the experi- 
ments. 

In either the oil or the kerosene sprays, 
4 grams of DDT was added to 100 ml. of 
oil. In 2 out of 5 treatments applied in 
November, 1943 the oil-DDT solution re- 
sulted in greatly improved red scale con- 
trol was compared to oil alone when 
examinations of the plots were made 
approximately a year later. During the 
summer months the DDT increased the 
effectiveness of regular oil spray in all 
cases. 

The 5 percent kerosene-DDT spray was 
as good as, or better than, the usual 1.67 
or 1.75 per cent regular light medium or 
heavy medium spray oil treatment. Three 
per cent kerosene-DDT spray was usu- 
ally not as effective as the regular oil 
spray but in one experiment in which the 
amount of DDT was increased to 8 grams 
per 100 ml. of kerosene by means of a 
mutual solvent, the 3 per cent kerosene 
spray approached 1.75 per cent heavy me- 
dium oil spray in effectiveness. In an ex- 
periment in which 3 per cent kerosene- 
DDT was applied twice, with a 2-month 
interval between the sprays, this treat- 
ment was more effective in controlling the 
red scale than 5 per cent kerosene-DDT 


or 1.75 per cent light medium oil with or 
without DDT. 

Gesarol AK-20 at the rate of 10 lbs. per 
100, even when applied twice, was much 
inferior to regular oil spray, but showed 
a certain degree of effectiveness in reduc- 
ing the red scale population when com- 
pared to the untreated check. A 5 per cent 
DDT dust applied twice at 1.5 pounds per 
application resulted in an increase in red 
scale population as compared to the un- 
treated check. 

Derris extractives or cube root added to 
regular oil sprays sometimes added to the 
effectiveness of the treatments, some- 
times appeared to be of no appreciable 
advantage, and in one experiment they 
definitely reduced the effectiveness of 
the treatment, as compared to oil alone. 
When added to kerosene-DDT sprays, 
cube root in nearly all cases reduced the 
effectiveness of the treatments as com- 
pared to kerosene-DDT alone. It is 
known that derris extractives or cube root 
increase the per cent of red scale killed 
by the treatment, but for some unknown 
reason the initial advantage from the use 
of these toxicants is often nullified even in 
as short a period as 3 months. 

In areas where citrus red mites and 
citrus aphids are ordinarily a problem, the 
DDT caused an increase in the number of 
these pests. This increase was especially 
noticeable when no oil of the light medium 
grade or heavier was used in the spray, as 
in the kerosene-DDT, AK-20 or 5 per cent 
DDT dust treatments. 

No sign of injury to orange or lemon 
trees attributable to DDT was noticed 
whether the DDT was dissolved in oil or 
used in any other manner.—7-3-45. 
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DDT and Other Insecticides to Control the Saratoga Spittle 
Insect on Jack Pine 


Rocer F. Anperson,' U.S 


.D.A., Agr. Res. Adm., Bureau of Entomology and Plant 


Quarantine and the University of Wisconsin 


During the summer of 1944 a study was 
undertaken for the purpose of learning 
more about the Saratoga spittle insect, 
Aphrophora saratogensis (Fitch), which 
since 1940 has severely injured many 
young pine stands in the Lake States. One 
phase of this study led to a preliminary 
investigation of the use of insecticides for 
controlling the insect, the results of which 
are presented in this paper. 


sects would later come in contact with the 
poisons. 

Fietp Tests.—Thirty-six trees were 
sprayed with technical DDT (1-trichloro- 
2,2-bis(p-chlorophenyl)ethane), and four 
trees were treated with each of the other 
insecticides indicated in table 1. The 
sabadilla-lime mixture and the lime were 
used as dusts and the other materials as 
sprays. The DDT was dissolved in xylene, 


Table 1.—Reduction in abundance of spittle insects on trees treated with various insecticides. 








Repvuction tn Insects OBSERVED AFTER 





OpssErR- 

VATIONS | Week Weeks 
Per 
Cent 
DDT 1% 43 95 
Sabadilla 20% ) 51 
Hydrated lime 80% 

Hydrated lime d ‘ 64 
Bordeaux 4.8% é f 87 
Bordeaux 2.4% s { 48 
Lime-sulfur 2.4% 8 


INSECTICIDE 


Num he 


3 + 
Weeks Weeks 


5 6 7 8 
Weeks Weeks Weeks Weeks 





Per Per Per Per Per Per 
Cent Cent Cent Cent Cent Cent 


96 97 84 91 86 89 


47 63 — 
81 77 om 
38 7 16 

3 16 18 





Only in the adult stage does A phrophora 
saratogensis attack pine trees. Red pine, 
Pinus resinosa Ait., and jack pine, P. 
banksiana Lamb., are the principal hosts 
of the imago in the Lake States. The 
nymphs feed on many species of herba- 
ceous and low-growing woody plants, 
establishing themselves at the root collars 
of such plants, usually below the surface of 
the litter. This protected location makes 
it difficult to reach the nymphs with in- 
secticides; therefore, these tests were di- 
rected against the pine-feeding adults. It 
was impossible, however, to apply the 
poison directly on the insects, because 
they leaped away at the least disturbance. 
This made it necessary to spray or dust 
the trees with the expectation that the in- 


! This report contains the results of a cooperative study 

the following agencies: The Bureau of Entomology and hn 
Quarantine, the Bureau of Plant Industry, Soils, and Agricul- 
tural Engineering, and the Forest Service, ‘all in ‘the U. 5. De- 
partment of Agriculture; the Department of Economic E ‘ntomol- 
ogy and the Department of Plant Pathology, of the University 
of Wisconsin; and the Wisconsin Conservation Commission. 
The writer is especially indebted to F. C. Craighead, L. W. Orr. 
H. J. MacAloney, H. C. Secrest, and C. L. Fluke for their sug- 
gestions in carrying out this study. 


and the solution was then emulsified in 
water with sodium lauryl sulfate (Dreft), 
20 grams of the emulsifier being used per 
500 ml. of solution. Because there was not 
enough xylene on hand for the amount of 
spraying contemplated, about one-third 
of the DDT in the spray was in suspension 
and two-thirds was in the emulsion. This 
was accomplished by placing more DDT 
in the xylene than it would dissolve (12 
ounces DDT in 1 pint of xylene). That 
remaining undissolved lost its lumpiness, 
and when it was worked into the water a 
good suspension was formed. For most of 
the tests the DDT was used at the rate of 
8.3 pounds per 100 gallons of spray, which 
is a 1 per cent solution. Dry powdered 
bordeaux and lime-sulfur were used in the 
sprays. 

All the trees treated were jack pine 
(height 5 to 10 ft.) and were scattered 
among the unsprayed trees. A small (2- 
gallon) compressed-air sprayer with an 
angle disk nozzle was used for applying 
the liquids, and a calcium cyanide duster 
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was used for the dusts. About 1 quart of 
solution or 8 ounces of dust was used per 
tree. 

The values presented in table 1 are 
based on the insects counted on the 
sprayed trees during an interval of 5 min- 
utes, as compared with similar counts 
made at the same time on unsprayed trees 
nearby. These counts were made every 
day or two, but are summarized by weeks. 
The counts on unsprayed trees ranged 
from 7 to 115, averaging 38.7. The smaller 
counts were obtained toward the end of 
August, at which time the insect popula- 
tion was decreasing. 

In order to determine whether the in- 


Table 2.—Toxicity of several insecticides to 
adult spittle insects placed in cages with treated 
pine branches. 
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posed to weathering for about 7 weeks, 
whereas the other insecticides were freshly 
applied immediately before each test. The 
results of these tests are presented in table 


2. 

The freshly applied sabadilla mixture 
was very toxic and the hydrated lime 
alone was surprisingly effective. The low 
toxicity of the bordeaux suggests that 
repellency might be the explanation for 
the results obtained with this insecticide 
as presented in table 1. 

After the treated branches had been 
continuously exposed to weathering, only 
DDT retained a high degree of effective- 
ness (Table 3). 


Table 3.—Toxicity of several insecticides to 
spittle insects after the treated branches had 
been exposed to weathering. 
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ToTtaL , 
Repuica- Lysects 24 48 
INSECTICIDE TIONS Usep Hours Hours 
Number Number Percent Per cent 
DDT 1 per cent 3 140 96 100 
Sabadilla 20 per cent 
Hydrated lime 80 per 2 63 97 100 
cent ‘ 
Hydrated lime 3 114 62 91 
Bordeaux, 4.8 per cent 2 72 14 $2 
Lime-sulfur 2.4 per cent 1 46 9 22 
Check (untreated) 3 124 4 6 





sects were repelled by DDT before they 
had received a lethal dose, a cloth tray 4 
feet square was used to catch the dead 
insects which fell from a tree sprayed 
with DDT. Other trays were placed be- 


neath unsprayed trees 10, 20, and 30 feet, 


away from the treated tree. Every day or 
two the dead insects on these sprays were 
counted and removed. The total number 
of dead spittle insects collected from these 
trays was 180 from the tray beneath the 
DDT-sprayed tree, 103 from the tray 10 
feet away, 2 from the tray 20 feet away, 
and 10 from the tray 30 feet away. These 
data indicatd that many of the insects 
stayed on the sprayed tree long enough to 
receive a lethal dose of DDT. 

Cace Tests.—The data in table 1 do 
not indicate whether the treatments were 
toxic or merely repellent. To obtain more 
information on this aspect, tests were con- 
ducted with caged material. In each test a 
branch from a treated pine tree was placed 
in a small cage with a number of field-col- 
lected insects, and the insect mortality 
was determined after 24 and 48 hours. 
The DDT-treated branches had been ex- 


Mortaitr 
Tora Pertop AFTER 
N- oF 
Rerur- sects Weartu- b 2 | 48 


INSECTICIDE cations Usep rertxe Hours Hours 





Num- Num- Days Per Per 
ber ber cent cent 


DDT 1 per cent 140 48 96 100 
Sabadilla 20 per cent 


83 
Hydrated lime 80 1 
per cent 
Hydrated lime 1 49 30 18 26 
Bordeaux 4.8 percent 1 50 20 26 46 
Check (untreated) 1 49 -- 2 S 


45 8 44 51 





When insects were caged with one 
treated branch and one untreated branch, 
the mortalities after 24 hours were as fol- 
lows: DDT 88, sabadilla mixture 38, and 
hydrated lime 10 per cent. Two replicates 
were run for each insecticide, 20 to 50 in- 
sects being used for each replication. The 
sabadilla mixture and the lime were 
freshly applied, whereas the DDT-treated 
branches had been exposed to weathering 
for about 7 weeks. It would be expected 
that if DDT and sabadilla were not repel- 
lent, about half of the insects would have 
settled on the plants treated with either of 
these materials and been killed within 24 
hours. Likewise, about 30 per cent mor- 
tality would be expected in the tests with 
hydrated lime. 

Insects enclosed in a treated cage for 
various periods were also observed. At the 
end of the exposure period the insects 
were removed from the cage and placed in 
an untreated cage, together with an un- 
sprayed branch. The treated cage had 
been sprayed with a 1 per cent solution of 
DDT 30 days previously, and in the 
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meantime exposed to the weather. The 
data obtained are presented in table 4. 


Table 4.—Relation between period of contact 
with a DDT-sprayed surface and the mortality of 
spittle insects (1 observation). 
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Periop 
or Contract 


Minutes Number Per Cent Per Cent 
5 46 22 41 
15 45 36 49 
80 46 72 78 
60 47 64 83 
120 40 100 — 


48 Hours 








Contact with a DDT-sprayed surface 
for about 2 hours was necessary for all the 
insects to be dead at the end of 24 hours. 
After about half an hour the insects de- 
veloped a body tremble that was apparent 
even when they were resting. After about 
2 hours they began to lose control of bal- 
ance and locomotion, and would fall over 
on their sides and backs, kicking violently. 

Additional data on the effectiveness of 
DDT in preventing spittle insect attack 
and subsequent injury are presented in 
table 5. The amount of injury was deter- 
mined in June 1945 by examining trees on 
which counts of feeding insects and feed- 
ing punctures had been made in 1944. 

Comparable data could not be obtained 
for the other insecticides, because these 
materials were applied later in the season 
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after the insects had been feeding for some 
time; nevertheless, when the trees were 
examined in June 1945, three of the four 
trees treated with lime and six of the eight 
trees treated with bordeaux were in better 
condition than the surrounding unsprayed 
trees. 


Table 5.—Protection of jack pine from spittle 
insect attack by spraying with DDT. 
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Number 
3.0 
38.3 


BraNcnes 
AND Twics 
KILLep 
PER TREE*® 
Feet 
0.3 
52.5 





Number 
0.3 
8.2 


Sprayed 
Unsprayed 





' 43 observations. 
2 10 trees sampled. 
* 36 trees measured. 

Summary.—In preliminary tests with 
various insecticides for control of the Sar- 
atoga spittle insect (A phrophora saratogen- 
sis (Fitch)), DDT at the rate of 8.3 
pounds per 100 gallons of solution was the 
most promising because it continued to be 
effective for several weeks after the trees 
were sprayed. A mixture of sabadilla and 
hydrated lime (20:80) used as a dust was 
very toxic when freshly applied but did 
not retain its toxicity when exposed on the 
trees. Ordinary hydrated lime and bor- 
deaux were surprisingly effective.—8-97- 
45. 





FrepERAL QUARANTINE ACTION 


Quarantine No. 45, Gypsy and Brown-Tail Moth 
Quarantine.—A public hearing was held before the 
Bureau of Entomology and Plant Quarantine in 
Newark, N. J., on July 10, 1945 to consider the 
advisability of extending the Gypsy Moth and 
Brown-Tail Moth Quarantine to include the State of 
New York and to consider the quarantine status of 
an isolated infestation in the State of Pennsylvania. 

The gypsy moth has been found to be present in 
several counties of eastern New York adjacent to 
the infested area in the New England States. The 
spread of the gypsy moth from the small isolated 
infestation in northeastern Pennsylvania, which has 
been present there for a number of years, has been 
prevented by a State quarantine enforced in con- 
junction with eradication efforts cooperatively con- 


ducted by the Federal government and the State 
of Pennsylvania. 
Quarantine No. 52, Pink Bollworm Quarantine.— 
tion 2 of the Pink Bollworm Quarantine was 
revised effective May 23, 1945 to add to the lightly 
infested regulated area the Texas Counties of 
Bailey, Borden, Cochran, Coleman, Goliad, McCul- 
loch, Nolan, Runnels, San Saba, Scurry, Taylor 
Victoria, and those parts of Coke and Jackson 
Counties not heretofore under regulation, because 
of the discovery of additional infestations of the 
pink bollworm. Although no pink bollworms were 
found in Borden County, it was necessary to include 
it because there are no gins in the county and prac. 
tically all ginning is done at plants located in the 
infested area. 





. § 


me 
ere 
yur 
ht 
fer 
ed 


Laboratory Studies with Rotenone Oil in Sprays to Control 
the California Red Scale’ 


D. L. Loyperen, J. P. LaDus, and R. C. Dicxson,* University of California Citrus 
Experiment Station, Riverside 


The effectiveness of derris extractives 
and ground cube root in spray oil used 
against the California red scale, Aonidi- 
ella aurantii (Mask.), has been shown, 
and the literature has been discussed 
(Ebeling et al., 1940, 1944). Since much of 
the work with extractives of rotenone- 
bearing plants in oil sprays has been 
carried on in the field, it seemed advisable 
to develop a laboratory method for ac- 
curately and rapidly measuring small dif- 
ferences in the effectiveness of various 
spray treatments. This method, which 
was developed in 1942, involves (1) the 
spraying of scale insects of a uniform age 
with a laboratory precision sprayer, (2) a 
standardized system of checking the mor- 
tality of the insects, and (3) determina- 
tions of oil deposit on fruit surface in the 
different treatments. The method is de- 
scribed and the results obtained with 
spray oil and rotenone under various con- 
ditions are reported in the present paper. 

MATERIALS AND Metrnops.—Derris ex- 
tractives containing 30 per cent rotenone 
and ground cube root containing 4.3 per 
cent rotenone were used in these studies 
with three grades of oil: 

Light-medium spray oil: viscosity, 70 
seconds Saybolt at 100° F.; unsulfonated 
residue, 92 per cent; distillation, 55 per 
cent at 636° F.; used both as an emulsive 
oil,* with glyceryl dioleate as the emulsi- 
fier, and as a straight (tank-mix) oil,‘ with 
blood-albumin spreader. 

Mineral seal oil: viscosity, 47 seconds 
Saybolt at 100° F.; unsulfonated residue, 
98 per cent; distillation, 90 per cent at 
595° F. 

Kerosene: initial boiling point, 360° F.; 
end point, 498° F.; unsulfonated residue, 
95 per cent plus. 

The mutual solvents used included n- 
butyl phthalate, 2-(4-tertiary-butyl- 
phenoxy) ethanol, di-isobutyl ketone, di- 

' Paper No. 532, University of California Citrus Experiment 
Station, = ieuntae, ‘California. 

? The authors wish to express their appreciation to Dr. 
Walter Ebeling for his many valuable suggestions and for his 
review and criticism of the manuscript. 

+ An emulsive oil is one which contains usually about 1 
per cent of an oil-soluble emulsifier, which greatly reduces the 


interfacial tension between oil and water. 
* A straight oil is one to which no solute has been added. 


amyl] phenol, and Cardolite 627, which is a 
condensation polymer of formaldehyde 
and the phenolic constituents of cashew- 
nut-shell oil (cardanol). 

The red-scale test insects were reared on 
fresh grapefruits of varying degrees of 
maturity, from half-grown fruit to mature 
fruit, depending on the time of year of the 
tests. The newly emerged young crawlers 
were brushed from heavily infested squash 
onto the grapefruits and kept in a room in 
which the temperature was held at 78° F. 
Under these conditions the insects reached 
maturity in approximately 40 days (Lind- 
gren 1938), at which time they were ready 
for treatment. 

The red-scale-infested grapefruits were 
then placed on a turntable and subjected 
to a continuous stream of spray during 
two revolutions of the turntable, a period 
of about 4.5 seconds. The laboratory pre- 
cision power sprayer used in these experi- 
ments was built to resemble, in perform- 
ance, as far as practicable, the large power 
sprayers used in field work. The sprays 
were applied at 300 pounds pressure. A 
three sixty-fourths inch disk was used in 
the nozzle, which was held 51 inches from 
the fruit during the spraying. 

After the infested grapefruits had been 
sprayed, they were placed in a room main- 
tained at a temperature of about 76° F., 
and a relative humidity of 40 to 60 per 
cent, and were kept there for three weeks. 
By the end of this period, the scale in- 
sects that had succumbed to the treat- 
ment had become sufficiently desiccated 
and discolored to permit the mortality 
determinations. 

In making the mortality counts, only 
the scales situated on a delimited equa- 
torial region of the fruit were examined, 
and only those scales separated from one 
another by at least the width of a scale 
(approximately 1.5 millimeters) were 
counted. The reason for this procedure is 
that the effectiveness of an oil spray has 
been found to be inversely proportional 
to population density. Scales draw oil 
from the surface of the fruit immediately 
adjacent to their bodies, and if they are 
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situated too closely together, there is less 
vil available per scale for any given 
amount applied per unit area. Discrep- 
ancies caused by population density and 
by uneven age distribution have there- 
fore been eliminated by the laboratory 
method described in the present paper. 
Statistical evaluation showed that differ- 
ences of 4 per cent or more between treat- 
ments were significant. 

To simulate field conditions as nearly 
as possible, it seemed desirable to use the 
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amount of oil removed per unit of fruit 
surface. After considerable preliminary 
work, the following procedure was found 
to be satisfactory. 

Four grapefruits were arbitrarily chosen 
for a sample. The fruits were sprayed with 
the oil and placed on wire racks on a table 
near the spray equipment. The evapora- 
tion of the water from the fruit was has- 
tened with the aid of a current of air from 
a 12-inch electric fan, and took approxi- 
mately an hour. Each fruit was placed in 


Table 1.—Effectiveness of derris extractives when dissolved in n-butyl phthalate and added to 


spray oil used against the California red scale. 








MaTeERIAL' 


Straight (tank-mix) oil 


Derris Ex- 
TRACTIVES IN 
Or-Toxicant 
SOLUTION, oN Fruit 
Per Cent SURFACE 
BY Weicnut (Mg./1000 Cm.’) 


Ou. Deposit 
Per Cent 
Kin? 


62 


Straight oil; plus n-butyl phthalate, 1 part to 7 parts oil 60 


Straight oil; plus n-butyl phthalate, with 5 per cent derris 


extractives, 1 part to 31 parts oil 


Straight oil; plus n-butyl phthalate, with 5 per cent derris 


extractives, 1 part to 15 parts oil 


Straight oil; plus n-butyl phthalate, with 5 per cent derris 97 


extractives, 1 part to 7 parts oil 
Emulsive oil 


75 
91 


97 
61 


Emulsive oil; plus n-butyl phthalate, 1 part to 7 parts oil 61 


Emulsive oil; plus n-butyl phthalate, with 5 per cent derris 


extractives, 1 part to 31 parts oil 


Emulsive oil; plus n-butyl phthalate, with 5 per cent derris 


extractives, 1 part to 15 parts oil 


80 
93 


Emulsive oil; plus n-butyl phthalate, with 5 per cent derris 


extractives, 1 part to 7 parts oil 


98 





! Light-medium oil, 1.75 pe 
? Total of 45,655 adult female red scales examined. 


same dosage of light-medium oil (1.75 per 
cent) in some of the laboratory experi- 
ments (Tables 1, 2, and 4) as is generally 
used in the field. To do this under labora- 
tory conditions without getting 99 to 100 
per cent kill of scale, the oil deposit had 
to be controlled by shielding the fruit so 
that only a small section of the spray 
stream was directed onto the fruit surface. 

A series of test spray treatments em- 
ploying the above method showed that it 
was possible to duplicate results very ac- 
curately. Eight infested fruits were used 
in each test, and three replications of each 
treatment were made. The results shown 
in the following tables are therefore the 
average of three separate tests. 

The amount of oil deposited on the 
sprayed grapefruits was determined by 
washing the oil from sample fruits and de- 
termining, by a gravimetric method, the 


t cent concentration, used in all tests. For further description of oil, see text p. 567. 


a funnel 6 inches in diameter and the oil 
was “stripped” from it with a fairly fine 
stream of petroleum ether, dispensed from 
a wash bottle at the rate of 1 millimeter 
per second, at a definite and constant air 
pressure. The tip of this funnel was placed 
in a smaller funnel, 2 inches in diameter, 
containing a filter paper and having a 
stem small enough in diameter so that it 
would enter the neck of a Babcock milk- 
test bottle. 

As the oil was “stripped” from the 
fruits, the washings were filtered into 
previously weighed milk-test bottles. The 
filter paper was thoroughly washed with 
ether, and all washings were combined 
with the filtrate. The milk-test bottles 
containing the filtrates were placed in a 
water bath for } hour, at a temperature of 
40° C., and the ether was drawn off by 
suction. The bottles were centrifuged at a 
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Table 2.—Effectiveness of ground cube root when soaked in spray oil used against the California 


red scale. 











RoTENONE 
Pius 
DEGUELIN Ou. Deposit 
in O11, on Fruit 


Per Cent SURFACE Per Cent 


Materia! py Weicut®? (Mg./1000 Cm.2) Kita’ 
Straight (tank-mix) oil 0.0 63 57 
Straight oil plus ground cube root, 3.9 per cent 0.16 63 95 
Straight oil plus ground cube root, 7.8 per cent 0.25 96 
Straight oil plus ground cube root, 15.6 per cent 0.30 63 98 
Emulsive oil 0.0 56 58 
Emulsive oil plus ground cube root, 3.9 per cent 0.21 59 95 
Emulsive oil plus ground cube root, 7.8 per cent 0.40 97 
Emulsive oil plus ground cube root, 15.6 per cent 0.55 61 97 





1 Light-medium oil, 1.75 per cent concentration, used in all tests. For further description of oil, see text p. 567. _ < 
? The concentration of rotenone plus deguelin was assumed to correspond approximately to the concentrations obtained by Ebeling 


et al. (1944) in colorimetric analyses. p 
3 Total of 35,664 adult female red scales examined. 


temperature of 60° C. for 10 minutes, to 
insure complete dissipation of the ether. 
The bottles were then cooled to room 
temperature and weighed. The oil was 
computed as milligrams per 1000 square 
centimeters of fruit surface, determined 
photoelectrically. Statistically it has been 
shown that a difference between means of 
10 milligrams per 1000 square centimeters 
of fruit surface is highly significant. 
EXPERIMENTAL Resutts.—The effec- 
tiveness of derris extractives when dis- 
solved in n-butyl phthalate and added to 
spray oil used against the red scale is 
shown in table 1. The data show clearly 
the relation of concentration of derris ex- 
tractives to scale kill. The effect of the 
derris extractives on red scale is appar- 
ently the same whether added to a tank- 
mix oil containing blood-albumin spreader, 


or to an emulsive oil in which glyceryl 
dioleate is the emulsifier. It should be 
noted, however, that the spray containing 
the emulsive oil deposited less oil on the 
grapefruits. 

In table 2 are given the results ob- 
tained from the use of ground cube root 
(200-mesh, and containing 4.3 per cent 
rotenone) soaked in oil for 20 minutes and 
sprayed on red scale. The increase in kill 
with increased percentages of the ground 
root is very evident, indicating that the 
toxic agent or agents in the root are ex- 
tracted by the oil. There appears to be no 
difference between the tank-mix type of 
oil and the emulsive type, so far as insec- 
ticidal effectiveness is concerned, although, 
according to Ebeling et al. (1944), the 
emulsive spray oil is more efficient in ex- 
traction of rotenone plus deguelin. 


Table 3.—Effectiveness of derris extractives when dissolved in various solvents and added to spray 


oil used against the California red scale. 








MareriAu! 





Emulsive oil, without toxicant 





Derris Ex- 
TRACTIVES IN 
O1t-ToxIcaNntT 

SOLUTION, on Fruit 

Per Cent SURFACE Per CENT 

BY Weicut (Mg./1000 Cm.2) Kit? 


O11. Deposir 


Emulsive oil plus 5 per cent derris extractives in n-butyl 


phthalate 


Emulsive oil plus 5 per cent derris extractives in diamy| 


phenol 


Emulsive oil plus 4.2 per cent derris extractives in Cardolite 


627 


Emulsive oil plus 5 per cent derris extractives in 2-(4-ter- 


tiary-butylphenoxy) ethanol 


0.00 31 28 
0.51 31 95 
0.51 27 76 
0.50 34 75 
0.51 19 16 





' Light-medium oil, 0.5 per cent concentration, used in all tests. For further description of oil see text p. 567. 


* Total of 9898 adult female red scales examined. 
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Table 4.—The effect of heating derris extractives in the mutual solvent before addition to spray 


oil used against the California red scale. 








Derris Ex- 
TRACTIVES IN 
O1t-ToxiIcant 





1. Emulsive oil, without toxicant 


SOLUTION, 
Per Cent Per Centr 
Test Number, Marertat,' anp ProcepuRE BY WEIGHT Ki? 
0.0 60 
2. Emulsive oil plus 5 per cent derris extractives in n-butyl phthalate. Toxicant 
heated in } of solvent, 4 minute at 110° C.; remainder of solvent then added 
to cool solution rapidly 0.7 98 
3. Emulsive oil plus 5 per cent derris extractives in n-butyl phthalate. Toxicant 
heaged in 4 of solvent, 1 minute at 100° C.; remainder of solvent then added 
to cool*solution rapidly 0.7 97 
4. Emulsive oil plus 5 per cent derris extractives in n-butyl phthalate. Toxicant 
heated in total amount of solvent, 3 minutes at 60° C.; cooled gradually 0.7 97 
. Same as test 2, but with diamyl phenol as mutual solvent 0.7 96 
. Same as test 3, but with diamyl phenol as mutual solvent 0.7 96 
0.7 96 


Naw 


. Same as test 4, but with diamyl phenol as mutual solvent 





' Light-medium oil, 1.75 per cent concentration, used in all tests. For further description of oil, see text p. 567. 


? Total of 36,625 adult female red scales examined. 


Again, the emulsive oil spray deposited 
less oil than the straight (tank-mix) oil, 
but as the percentage of cube root was 
increased, the two types of spray became 
more similar in their oil-depositing proper- 
ties, until with the addition of 15.6 per 
cent ground cube root, the oil-depositing 
efficiency of the two sprays was about the 
same. The oil-depositing properties of the 
emulsive-oil spray increased progressively 
with increasing amounts of cube root. 

Results of tests using various mutual 
solvents with derris extractives in spray 
oil against the red scale (Table 3) show 
that n-butyl phthalate was the most ef- 
fective, even though only a portion of the 


extractives was held in true solution in 
the solvent when it was added to the oil, 
the remainder being in suspension. When 
2-(4-tertiary-butylphenoxy) ethanol was 
used as the solvent for the derris extrac- 
tives, the oil deposit was reduced by 39 
per cent, as compared with that of oil 
alone, and the insecticidal effectiveness of 
the oil was reduced despite the addition 
of the extractives. 

Another series of tests was conducted to 
determine whether there was any relation 
between the temperature at which the der- 
ris extractives were dissolved in the sol- 
vents, before addition to the spray oil, and 
the insecticidal effectiveness of the spray 


Table 5.—The effect of aging derris extractives in mutual solvent solution before addition to spray 


oil used against the California red scale. 














Derris Ex- 
TRACTIVES IN 
TOXICANT Om Deposrr 
SOLUTION, on Fruit 
Per Cent SURFACE Per Cent 
Test Numper, Mareriat,' anp ProcepurE By Weicnt (Mg./1000 Cm.2) Kui? 
1. Emulsive oil, without toxicant 0.0 58 74 
2. Emulsive oil plus 5 per cent derris extractives in n-butyl 
phthalate; toxicant solution made 6 months before us- 
ing 0.51 80 
3. Emulsive oil plus 5 per cent derris extractives in n-butyl 
phthalate; toxicant solution made 24 hours before using 0.51 44 90 
4. Same as test 2, but with diamy! phenol as mutual solvent 0.51 92 
5. Same as test 3, but with diamyl] phenol as mutual solvent 0.51 39 91 
6. Same as test 2, but with di-isobutyl ketone as mutual sol- 
vent 0.51 92 
7. Same as test 3, but withdi-isobutyl ketone as mutual sol- 
vent 0.51 52 96 





1 Light-medium oil, 0.75 per cent concentration, used in all tests. For further description of oil, see text p. 567. 
‘Total of 19,200 adult female red scales examined. 
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Table 6.—The effect of aging ground cube root in light-medium emulsive oil on its toxicity to adult 
On. Deposir 
on Fruit 
SURFACE Per Cent 
Matsriat! anpD PROCEDURE (Mg./1000 Cm.*) Ki? 
Emulsive oil, without toxicant 53 81 
Fraulsive oil plus 3.9 per cent ground cube root soaked in oil for 12 hours; fil- 
for 6 months before usin 49 95 
Emulsive oil plus 3.9 per cent ground cube root soaked in oil for 6 months be- 
fore using; not filtered 53 96 
Emulsive oil plus 3.9 per cent ground cube root soaked in oil for 12 hours be- 
94 
Emulsive oi! plus 3.9 per cent ground cube root soaked in oil for 12 hours be- 
98 


fore using; not filtered 





! Light-medium oil, 0.75 per cent ennetition, used in all tests. For further description of oil, see text p. 567. 


* Total of 9650 adult female red scales examined. 


against the red scale (Table 4). The data 
show that when the derris extractives 
were dissolved in a portion of the re- 
quired amount of solvent, at 110° C., and 
the remainder of the solvent was added to 
cool the solution rapidly, the toxicant was 
very little if any more effective than when 
the extractives were dissolved in the entire 
amount of mutual solvent, at 60°C., and 
cooled gradually. 

The aging of derris extractives in vari- 
ous mutual solvents, before addition to 
the spray oil, appeared to have some effect 
on the toxicity of the spray to the red 
scale (Table 5). The extractives were dis- 
solved in the mutual solvents, placed in 
stoppered bottles, and held in the labora- 
tory away from any direct light. After 6 
months’ storage, the extractives in n- 


butyl phthalate and in di-isobutyl ketone 
had lost some of their toxicity, but the 
loss was not so great with di-isobutyl 
ketone as with n-butyl phthalate. There 
was practically no difference in the toxic- 
ity of derris extractives aged in diamyl 
phenol as mutual solvent 6 months or 
only 24 hours. 

Aging of ground cube root in a light- 
medium emulsive oil appeared to have 
little or no effect on toxicity (Table 6). 
The results indicate that 12 hours of 
soaking in the oil was sufficient for ex- 
traction of the toxic material from the 
ground root. Whether this had been done 
6 months or 12 hours previous to spray- 
ing seemed to have little or no effect on 
the kill of the red scale. 

. Another series of tests was conducted to 


Table 7.—Effect of length of time of soaking ground cube root in mineral seal oil or kerosene on its 


toxicity to adult red scale. 











Per Cent 
MATERIAL! AND PROCEDURE Kini? 
Mineral seal oil, without toxicant 86 
Mineral seal oil; 4 per cent ground cube root added directly to oil-spray mixture in spray 
tank 97 
Mineral seal oil plus 4 per cent ground cube root stirred into the oil just before the mixture 
was poured into the spray tank 98 
Mineral seal oil plus 4 per cent ground cube root soaked in the oil for 5 minutes before pour- 
ing into the spray tank 99.8 
Mineral seal oil plus 4 per cent ground cube root soaked in the oil for 10 minutes before pour- 
ing into the spray tank 99 
Mineral seal oil plus 4 per cent ground cube root soaked in the oil for 20 minutes before pour- 
ing into the spray tank 99.7 
Kerosene, without toxicant 42 
Kerosene; 4 per cent ground cube root added directly to spray mixture in spray tank 85 
Kerosene plus 4 per cent ground cube root stirred into the oil just before the mixture was 
poured into the spray tank 97 
Kerosene plus 4 per cent ground cube root soaked in the oil for several hours before pouring 
98 


into the spray tank 





! Mineral seal oil, 1 per cent concentration; kerosene, 3 per cent concentration. For further description of these oils, see text p. 567. 
‘Total of 21 535 adult female red 


exami . 


572 


determine the length of time the ground 
cube root had to soak in mineral seal oil, 
or in kerosene, before the toxic materials 
were extracted. The results are given in 
table 7. It appears that if the root is 
added to the oil or kerosene just before 
the mixture is poured into the spray tank, 
practically the full value of the toxicant is 
obtained, but if the ground cube root is 
added directly to the oil-spray mixture in 
the spray tank, the full value of the toxi- 
cant is not obtained. The difference in the 
effect of the manner of soaking is some- 
what greater when the ground cube root 
is added to the kerosene than when added 
to the mineral seal oil. 

Summary.—A laboratory method has 
been devised to make possible rapid and 
accurate determinations of small differ- 
ences in the effectiveness of oil sprays 
against the California red scale, Aonidi- 
ella aurantii (Mask.). Three grades of oil 
were used in tests with and without vari- 
ous concentrations of derris extractives 
(30 per cent rotenone) or of ground cube 
root (4.3 per cent rotenone), with various 
mutual solvents. 

When derris extractives were incor- 
porated into a light-medium spray oil, 
with n-butyl phthalate as mutual solvent, 
there was a progressive increase in the 
toxicity of the oil to the red scale as the 
concentration of the derris extractives 
was increased from 0 to 0.7 per cent. 
Whether the oil was straight oil used as a 
tank mixture with blood-albumin spreader, 
or an emulsive oil containing 1 per cent 
glyceryl dioleate as emulsifier, made no 
difference in the insecticidal effectiveness 
of the spray, although the emulsive-oil 
spray deposited less oil on the grapefruits. 

Ground cube root (200-mesh) soaked in 
straight oil or emulsive oil was about as 
effective as the derris extractives incor- 
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porated into the oil by means of mutual 
solvents. 

Mutual solvents which reduced the 
oil-depositing efficiency of the spray also 
reduced its insecticidal efficiency. When 
2-(4-tertiary-butylphenoxy) ethanol was 
used, the insecticidal effectiveness of the 
spray was reduced below that of oil alone, 
despite the addition of derris extractives. 

When the derris extractives were dis- 
solved in a portion of the required amount 
of mutual solvent at 110° C., and the 
remainder was added to cool the solution 
rapidly, the toxicant was found to have 
no greater insecticidal effectiveness than 
when the extractives were dissolved in the 
entire amount of mutual solvent, at 
60° C., and cooled gradually. 

The result of 6 months of aging on the 
insecticidal effectiveness of derris ex- 
tractives in n-butyl phthalate, di-iso- 
butyl ketone, and diamyl phenol was de- 
termined. The result of aging in reducing 
the effectiveness of the solution was great- 
est when the extractives were dissolved 
in n-butyl phthalate, and was only slight 
when the extractives were dissolved in 
di-isobutyl ketone; with diamyl phenol 
practically no deterioration occurred. 

When the toxic ingredients of cube root 
were extracted by soaking the root in 
light-medium emulsive spray oil, no re- 
duction in the effectiveness of the oil was 
caused by 6 months of aging. Twelve 
hours of soaking of the ground cube root in 
the oil appeared to result in complete ex- 
traction of the toxic ingredients, for more 
prolonged soaking resulted in no further 
increase in toxicity. If the cube root is 
added directly to the oil spray in the 
spray tank, the insecticidal effectiveness 
of the spray is not so great as when the 
cube root is stirred into the oil before the 
oil is poured into the spray tank.—6-30-45. 


LITERATURE CITED 


Ebeling, Walter. 1940. Toxicants and solids added to spray oil in control of California red scale. Jour. 
Econ. Ent. 33(1): 92-102. 

Ebeling, Walter, Francis A. Gunther, J. P. LaDue, and J. J. Ortega. 1944. Addition of extractives of 
rotenone-bearing plants to spray oils. Hilgardia 15(7): 675-701. 

Lindgren, D. L. 1938. The stupefaction of red scale, Aonidiella aurantii, by hydrocyanic acid. Hil- 
gardia 11(5): 211-25. 














Rotenone is probably the most efficient 
and safest general lousicide known, how- 
ever, it has always been expensive and is 
now under strict wartime allocation. 
Pyrethrum, while lacking the residual 
properties of rotenone, has been very 
widely employed, largely because it gives 
a quick knockdown and is relatively non- 
toxic to warm blooded animals. Pyreth- 
rum for civilian use is also restricted due 
to the requirements of the armed services. 
The urgent need for available substitutes 
for rotenone and pyrethrum has stimu- 
lated search for new toxicants. This 
investigation is the first step in developing 
effective insecticides and methods for the 
control of lice on chickens and cattle. 
The most promising compounds will be 
tested later on cattle. One of the most 
urgent needs of the poultry and livestock 
industries is a louse killing agent which is 
relatively non-toxic to vertebrates, is 
easily applied, cheap, readily available 
and possesses sufficient residual properties 
so that one application is adequate. 
HistoricaL Account.—The earliest 
materials employed, in many instances, 
were of questionable value and no refer- 
ences to this early literature are indicated. 
Successful control of chicken lice had its 
inception with the announcement by 
Bishopp and Wood (1917) that sodium 
fluoride was an effective and inexpensive 
remedy. The use of mercurial ointment 
antedates the introduction of sodium 
fluoride, Pearl et al. (1915) and Lamson 
(1917) but it has never been popular and 
is now seldom used. Both insecticides have 
disadvantages. Sodium fluoride is irri- 
tating to the operator and potentially 
toxic to vertebrates, while mercurial 
ointment is apparently detrimental to the 
fertility of both eggs and birds (Deakin & 
Robertson 1933). Abbott (1919) pub- 
lished on the use of naphthalene and the 
year following summarized in a bulletin 
his results on testing a great number of 
louse killing agents, including sprays and 
dips of “hydrocarbon oils, phenols, nitro- 
benzol, coal tar, wood tar distillate, 
pyridine bases and soaps.” His final con- 
clusions were that mercurial ointment, 
sodium fluoride, sulfur and pyrethrum 


1 Entomologist, Dr. Hess & Clark, Inc. 


New Insecticides for Chicken Lice Control 
Horace S. Te.rorp,! Ashland, Ohio 


were the most successful. Naphthalene 
has been a common ingredient of louse 
powders but is low in toxicity and danger- 
ous when applied to the chicken in excess 
of 10 per cent. 

Just when pyrethrum was first used 
against chicken lice is not known, however 
it was apparently a constituent of louse 
powders when Osborn (1896) published 
his monograph on insects affecting do- 
mestic animals. Derris gained wide ac- 
ceptance following the work of McIndoo 
et al. (1919) and Wells et. al (1922) when 
they found it a safe and effective lousicide. 
Later the work of Marcovitch (1924, 
1926) and Parish (1943) showed sodium 
fluosilicate to be comparable to sodium 
fluoride in toxicity as dips or dusts. 
Nicotine sulfate was first used success- 
fully as a roost paint in 1928 by a Cali- 
fornia poultryman. Carpenter (1931), 
Bishopp & Wagner (1931) and others 
verified his observations. This method 
rapidly came into widespread use since 
entire flocks could be treated simulta- 
neously, thus eliminating the handling 
of individual birds. Although one of our 
most popular louse remedies it is not, 
effective against head lice and repeated 
applications are necessary to control 
other species of chicken lice. It is a 
potential hazard to the operator and is 
particularly toxic to young birds. 

Many once believed that internal 
medication was effective for louse control. 
However, Parman et al. (1928) obtained 
negative results in the oral administration 
of numerous compounds and proprietary 
louse remedies. More resently Emmel 
(1987, 1938, 1942) and Creighton et al. 
(1948) found dusting sulfur promising 
when used in and around poultry houses 
and in feed. The latter work indicated, 
however, that relatively large quantities 
must be used for effective control. The 
necessity of frequent applications of large 
quantities of sulfur discourages this prac- 
tice. There are some records of skin 
injury to birds when large quantities of 
sulfur are applied. Telford (1944) found 
DDT 0.5 to 4 per cent and sodium 
fluoride 33 per cent in pyrophyllite to be 
effective against shaft and body lice. 

The above is a brief recapitulation on 
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the development of the more commonly 
used lousicides. For a more extensive list 
of references the reader is referred to 
Benbrook (1943). 

Mernops AND Marertats.—The chick- 
ens employed were all from a commercial 
flock of 30-month-old White Leghorn 
hens. They were naturally infested with 
lice of the following species: body louse, 
Eomenacanthus stramineus  (Nitzsch); 
shaft louse, Menopon gallinae (L.); and 
fluff louse, Goniocotes hologaster Nitzsch. 
These occurred in that order of abun- 
dance. 

The chemicals employed were all known 
to be active insecticides or inert materials 
of the nature ordinarily used as diluents 
in preparing insecticidal dusts. They were 
obtained from the usual commercial 
sources, and the formulae prepared from 
the commercial materials that were ob- 
tained separately except where otherwise 
noted. Miscellaneous mechanical equip- 
ment included a device for restraining 
the birds while dusting and making 
observations and a salt-shaker-type ap- 
plicator for dusting individual birds. 

Since the louse population varied 


widely on several birds from the same 


flock, the chickens used were examined 
before treatment and all birds showing 
fewer than 50 lice were discarded. The 
amount of dust applied to each bird was 
determined by weighing the applicator 
both before and after use. Birds under 
experiment were confined in separate 
cages, so that extraneous contamination 
was prevented. 

The efficacy of the treatments was 
determined by repeated examinations. 
Treated birds were generally kept under 
observation for 5 to 7 days to ascertain 
whether or not reinfestation from hatch- 
ing of the eggs occurred. A preparation 
which destroys all lice on a treated bird 
and which prevents reinfestation for 5 
to 7 days exhibits, for purposes of this 
paper, a “residual effect” regardless of 
whether that effect is ovicidal or by a 
residue of active insecticide that remains 
in the feathers and destroys newly 
hatched lice as they emerge. In a few 
instances, the duration of the residual 
effect was measured by releasing marked 
birds in an infested flock and catching 
those individuals for re-examination at 
frequent intervals. Four to 6 control birds 
were maintained in laying batteries while 


JoURNAL OF Economic ENTOMOLOGY 


Vol. 38, No. & 


experiments were in progress to enable 
the investigator to detect adventitious 
decline in louse populations. 
EXPERIMENTAL Resuuts.—The results 
obtained in testing 37 mixtures are in- 
cluded in table 1, where it may be seen 
that demonstrable residual effects were 
exhibited by DDT, from 0.5 to 4 per cent; 
sodium fluoride, 33 per cent; Kryocide 
(eryolite) 30 per cent; derris (with 5 per 
cent rst. 10 per cent; the mixtures 
containing sulfur and the tetramethyl 
thiouram salts. The quickest acting 
powders were those containing Lethane 
B-71, 10 per cent; Thanite, 5 per cent 
NH Dust, 10 per cent; diphenyl, 5 per 
cent; o-nitrodiphenyl, 10 per cent; pyre- 
thrins, 0.066 per cent; derris (with 5 per 
cent rotenone), 10 per cent; and pheno- 
thioxine, 10 per cent. These latter formu- 
lations, however, with the exception of 
derris, exhibited no residual properties. 
When 30 per cent micronized wettable 
sulfur was added to the quick-acting 
powders, the mixtures retained their 
quick killing properties and were residual 
in action. Pyrethrum Formula No. 1 was 
quick acting and had good residual 
properties. However, its toxicity de- 
creased considerably when it was diluted 
to half and three-fourths with Pyrar. 
Experiments to test the duration of the 
residual effects of DDT, sodium fluoride 
and micronized wettable sulfur under 
conditions permitting reinfestation were 
conducted by returning treated birds to 
pens of infested birds. Six birds treated 
with DDT, 4 per cent in Pyrar, had louse 
infestations approaching their original 
population within 30 to 34 days. Six birds 
similarly treated with sodium fluoride, 33 
per cent in Pyrax, acquired louse popula- 
tions more rapidly than the birds treated 
with DDT, 4 per cent. For comparison, 
in 17 days, the 6 birds treated with DDT 
harbored a total of eight body lice and 
one shaft louse, while the 6 treated with 
sodium fluoride harbored a total of 15 
body lice and 34 shaft lice. Fluff lice were 
not involved in either experiment. A 
longer residual effect, particularly on 
body lice, was noticed when micronized 
wettable sulfur was employed. Four birds 
deloused with sulfur and introduced into 
the infested flock were all free of body lice 
after 24 days exposure; during that time, 
however, the shaft lice had built up in- 
festations almost to their original levels. 
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Table 1.—Results of dusting individual birds. 
No- 
Grams per Osser- Spectres or Louse Re- 
TRIAL PER OF VATION SIDUAL Errect or TREATMENT 
No FormvuLa Brap Brians Periop Body Shaft Fluff Errecr on Lice 
1 DDT 4% in Pyraz 6.2 7 30days x x Yes Complete kill within 28 hrs 
2 DDT 2% in Pyraz 7.2 2 30 days x x Yes Complete kill within 28 hrs 
3 DDT 1% in Pyraz 8.0 1 80 days x x Yes Complete kill within 28 hrs 
4 DDT05% in P. 11.8 4 30 days x x Yes Complete kill within 28 hrs 
5 DDT 0.25% in 6.5 4 She x «x — Very poor kill. 
6 DDT 0.125% in Foes 6.9 4 52 brs. x x — Very kill. 
7 Sodium fluoride 33% in Pyraz 7.8 6 30 days x x Yes C kill within 52 hrs 
s m fluoride 15% in Pyraz 8.4 4 4 days x x Yes Two shaft li at 4 days 
9 Lethane B-71—10% in Pyraz 8.2 4 7 days x x No Three shaft lice ceetaias 4 hrs. 
10 Leo t, Poe mic. wet. sul- 5.1 4 15 days x x x Yes Complete kill within 26 
‘ur 
11 Phenothiouine 10% 10% in Pyraz 6.3 12 11 days x x x No Five eo et, 3 body louse remaining 
12 ar > 10% in Pyraz (fu- 6.5 4 11 days x x x No Complete kill within 24 hrs. 
sion mixture 
13 Phenothioxine 10% in bentonite 5.5 4 11 days x x x No Complete kill within 24 hrs. 
14 Phenothioxine 10% in bentonite 5.5 4 Ildays x x « #\No Com ill within 24 brs. 
(fusion mixture) 
15 ee Pate 5%, mic. wet. sul 6.5 4 15 days x x x Yes Complete kill within 24 hrs. 
ur 
16 Genicide aha 30% in Pyrazr 6.8 4 9 days x x x No Si Ay ang 5 fluff lice remaining at 
17 NH Dust 10% in Pyraz 9.4 4 5 days x x No Pad kill within 28 hrs. 
18 NH Dust 5%, mic. wet.sulfur30% 7.0 4 15 days x x x Yes = shaft lice remaining at 26 
in Pyraz hrs. Complete eventual kill. 
19 Thanite 5% in Pyraz 9.7 4 9 days x x No Complete kill within 4 hrs. 
20 Thanite 5%, mic. wet. sulfur 30% 5.1 4 15 days x x x Yes Complete kill within 26 hrs. 
in 
21. Di yl 5%, mic. sulfur 30%, 7.6 4 15 days x x x Yes Nine body; 8 shaft, 5 fluff lice re- 
: nite 7.5% in Pyrax a oe at 26 hrs. Complete 
event 
22 Diphenyl 2%, AR 50'5% in Pyrax 11.2 4 5 days x x No Poor kill. 
23 yaaa oy me 10% in Pyraz 11.1 4 380 days x x No Complete = within 5 hrs. 
24 gene (eryolite) Lore in Pyraz 7.9 4 30 days x x Yes Two lice remaining at 5 days. 
25 wettable sulf 10.4 4 30 days x x Yes Complete kill within 5 , ner 
26 Onth | “ 10% in Pyraz 10.9 1 4 days x x — No control. 
27 «Nicotine 0.5% (Black Leaf 155)in 6.3 6 30 days x x No Complete kill of boty | lice within 4 
Pyraz hrs. Poor kill of shaft lice. 
28 Tetramet 1 thiouram-disulfide 10.1 4 6 days x x Yes —— louse remaining at 3 
10% in Pyraz 8. 
29 2% % cone. of tetramethylthiouram- 7.7 4 6 days x x Yes Complete control within 28 hrs. 
‘monosulfate 90% and tetra- 
ine thiouram-disulfide 10% 
in 
30 24 dinttro-o-cydohexy! phenol 5% 9.5 4 6 days x x x No Three shaft lice remaining at 4 hrs 
Stains hands and feathers. 
31 sabato fox , hydrated lime 10% 7.0 2 3 days x x No ‘Very poor control. 
32 Derris (3% rotenone) 10% in Py- 6.1 4 8 days x x Yes Complete kill within 24 hrs. 
33 24 } dindtreaniesle 2% in Pyraz 9.0 4 12 days x x x — No control. 
34 2,4 dinitroanisole 2%, IN-9302% 7.3 4 12 days x x x — No control. 
in P 
35 Picchioum formula I? 8.5 4 14 days x x x Yes Complete - — 4 brs. 
86 = Pyrethrum formula IT 9.2 4 8 days x x a= ‘ive mining ot 9 ¢ 8 ane. 
87  Pyrethrum formula III 8.2 4 7 days x x No Fourteen bee 3 


maining at 7 days. 





ry port by wey ylated naphthalene. 


powder ep c= 0.066%, sulfur 30%, naphthalene 5%, petroleum hydrocarbons 0.45%, inert 


64. "08% Formule ulae II and ITI are } and 


Throughout these tests the louse popula- 
tions of the control birds remained rela- 
tively constant. 

SuMMARY AND Conciusions.—Thirty- 
seven louse powders were tested with a 
salt-shaker type applicator on 149 louse- 
infested chickens. Those acting relatively 
quickly and demonstrating residual prop- 
erties were: DDT, 0.5 to 4.0 per cent; 
derris (with 5 per cent rotenone), 10 per 
cent; tetramethyl thiouram salts, 2 and 
10 per cent; and powders containing 30 
per cent sulfur mixed with one of the 
following: Lethane B-71, 5 per cent; 
Thanite, 5 per cent; phenothioxine, 5 per 


tions respectively of the above with Pyraz. 


cent; NH Dust, 5 per cent; diphenyl, 5 
per cent; and pyrethrins, 0.066 per cent. 
Sodium fluoride 33 per cent, Kryocide 
(eryolite) 30 per cent and micronized 
wettable sulfur were highly effective but 
slow to act. 

Duration of insecticidal potencies of 
some of the more promising mixtures was 
determined by placing chickens, pre- 
viously deloused, into an infested flock 
and later removing them for examination. 
Six birds dusted with DDT, 4 per cent, 
had louse infestations approximating their 
original population within 30 to 34 days. 
Residual effect of longer duration was 
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observed with 4 birds dusted with micro- anisole, 2 per cent and JN-930 (N- 
nized wettable sulfur while less residual isobutylundecylenamide), 2 per cent; 
effect was observed on 6 birds dusted orthophenylphenate, 10 per cent; a mix- 
with sodium fluoride, 33 per cent. ture of diphenyl, 2 per cent and Velsicol 

Those mixtures which were relatively AR-50, 5 per cent; and 2 dilutions to 
quick acting but demonstrated no residual 0.033 and 0.016 per cent of pyrethrins in 
properties when employed as sole toxi- a proprietary louse powder.'—6-18-45. 
cants were: Lethane B-71, 10 per cent; 


phenothioxine, 10 per cent; NH Dust, 10 sa The author rocknuedens the esting cooperation of the fol- 
- . . . , wing comme concerns for su ying the insecticides and 
per cent; Thanite, 5 per cent; and o-nitro- ity materials used im thie tnredtigntion: Rohm & Haas 


diphenyl, 10 per cent. The following gave Company, Micronizer Processing Company, Geigy C poem. 

Pp . fs . Its: Sodi fl & 8 1 Inc., General Chemical C John Powell '& Company, Her- 

unsatisiactory results: Sodium fluoride, cules ules Powder Company du Pont de ag & Compeny, 
. i ; ennsy nae Salt Manufacturi om ne., 

15 per cent; nicotine (Black Leaf 155), Be Se Chaniaal Can tice Cecatd hk Ct. 


0.5 per cent; DDT, 0.25 and 0.125 per cal Corp., McConnon & Company, Velsicol Corp., and Verona 
Chemical "Corp. ihe G mention is also made of the help of Dr. 


cent; Genicide (xanthone), 30 per cent; Allred Weed and ir, George Hartz of Joba Powell & Company 
sma y , or ing an sis pyrethrins Cc einman ] 
2,4 dinitro-o-cyclohexyl phenol, 5 per Rr maning an ana Thecke Netaral Hesiery Surveys in he 


cent; sabadilla, 10 per cent; 2,4 dinitroani- tion with the Monsanto Chemical Com Mr. WW. 
Allen -“" Mr. D. K. Ballman of Dow C aal Company pre- 


sole, 2 per cent; a mixture of 2,4 dinitro- jared and supplied several wh do he 
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A. F. Swain, who worked for two years with the 
Quartermaster Corps is returning to his native State 
of California on November 1. He will be in charge of 
the Insecticide Department of the Pittsburg Chem- 
ne Company, 3100 East 26th Street, Los Angeles 23, 
Calif. 




















Food Preferences of the Firebrat 
B. G. Bercer, Illinois Natural History Survey, Urbana 


Food preferences of the firebrat, Ther- 
mobia domestica Pack., have received 
some attention in recent years. Wakeland 
& Waters (1931) recommended a food 
composed of ground oatmeal, sugar and 
salt. Spencer! recommended flour as the 
most suitable material for a firebrat food. 
Back (1921) recommended starch paste. 
In conversations with pest control op- 
erators, it was found that many have used 
commercial pancake flours as a bait with 
satisfactory results. 

In one room of our building in which 
firebrats had become very numerous, the 
writer placed a dozen glass bottle traps 
baited with various types of food believed 
to be attractive to firebrats. In these ex- 
periments the location of the trap deter- 
mined the number of insects caught. 
Traps without a food that were favorably 
located caught more firebrats than traps 
less favorably located that contained 
food. This experiment indicated that fire- 
brats are not attracted from a distance by 
food, and that any poisoned food to be ef- 
fective in the control of firebrats should 
be placed where these insects are seen or 
are likely to breed. It also raised the ques- 
tion, are firebrats capable of food selec- 
tion? 

ProcepurE.—When it was found that 
the number of firebrats caught in traps 
was related to trap location rather than 
food, the following procedure was insti- 
tuted to find out if firebrats were capable 
of food selection and if they have any 
food preferences when a number of foods 
are equally available. 

Glass tubing three-eighths inch in di- 
ameter was cut into three-quarter inch 
pieces. Each piece was stoppered with a 
small cork. The diameter was arbitrarily 
chosen, but a small size was necessary in 
order to weigh conveniently to the nearest 
tenth of a milligram. The corks of these 
small vials or food tubes were numbered; 
before and after each test the vials were 
enclosed in a glass covered box (Fig. 1). 
There were six tubes for each food under 
test. Five were used to evaluate the food 
and the sixth to give a check on the 
change in weight due to humidity changes 
during the period of test. 

‘ Unpublished thesis, 1924. 


In each of 10 blocks 7.5 inches square 
from 1 inch lumber a circular groove 7 
inches in diameter, one-quarter inch deep 
and one-eighth inch wide, was cut. This 
groove was used to hold a 2-inch celluloid 
retaining wall in place. It is impossible 
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Fic. 1.—Top: Glass covered base for holding food 

material before and after exposure of the food to the 

firebrats. 2. Middle: Testing unit for evaluating at- 

tractiveness of foods to the firebrat. Bottom: One 

testing unit set up to determine the attractiveness of 
various foods. 


for firebrats to climb a clean, perpendicu- 
lar celluloid wall. In the space enclosed 
by the groove, 13 evenly spaced depres- 
sions were made with a l-inch steel 
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drill on a drill press. The depressions 
at a minimum depth were one-eighth inch. 
From previous experience it was found 
necessary to have these depressions be- 
cause the firebrat in feeding will often dig 
in the food, as a dog does in burying a 
bone, thus scattering the food. At the bot- 
tom of each of these depressions a three- 
eighths inch hole was made which, during 
the period of test, held the food tube. Each 
depression was painted with a medium 
heavy solution of acetone and celluloid 
which facilitated the brushing of the bait 
back into the food tubes after the test pe- 
riod but did not interfere with normal pas- 
sage of the insects. In order to remove the 
tubes readily it was necessary to turn the 
block over and make a similar depression 
at the other end of the three-eighths inch 
holes. This second depression removed 
some of the sidewall and allowed the food 
tubes to be readily pushed into and pulled 
from the holes. In the center of each block 
(Fig. 1) a three-eighths inch hole was made 
through which a water tube was extended. 
Experiments showed that water was not 
necessary, and this hole was later plugged 
with cotton to encourage egg laying there 
rather than in the food. However, when 
using large firebrats it was necessary to 
sift the contents of each food tube after 
the final weight and count the number of 
eggs. The average weight of eggs was 0.37 
milligram each. It was noted that there 
was a preference for certain baits as a 
place in which to oviposit. Preferences in 
oviposition sites did not coincide exactly 
with the food preferences. The largest 
number of eggs ever found in one tube 
was 25. As an example of the preferences 
of oviposition sites by the firebrat females, 
the following figures are taken from test 
2 of table 2. Whole wheat bread and barley 
were not chosen as oviposition sites; the 
five food tubes containing karaya gum 
had only one egg present, while oatmeal 
had a total of 30 eggs, wheat flour 53, 
and Cream of Wheat 67. Other foods in this 
test contained a varying number of eggs 
between these figures. 

Fifteen firebrats were confined to each 
block and allowed to feed undisturbed for 
10 days in a constant temperature cabinet 
maintained at 80° F.+2 and 50 per cent 
+5 relative humidity. The 10 blocks were 
set up in two series of five each on a tray 
filled with sand. The sand allowed all of 
the tops of the food vials (Fig. 1) to be 
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placed flush with the bottoms of the de- 
pressions which were made so that the 
firebrats could not kick the food from one 
food tube into another. At the end of the 
test the insects were removed and all food 
in each depression was brushed back into 
the tube with a camels-hair brush. The 
five replicates and the one control were 
weighed consecutively. The change jn 
weight of the one control food and the 
number of eggs present in each food tube 
were taken into consideration in evaluat- 
ing the baits under test. The amount of 
food eaten was used as a criterion of each 
food’s attrativeness to the firebrat. Al] 
food tubes were thoroughly cleaned and 
refilled before additional tests were run. 

Firebrats were reared on wheat flour 
at 100° F.+2 and 50 per cent+5 rela- 
tive humidity, and were within 10 days 
of being the same age for any one series 
of tests. In culture jars the majority of 
eggs were deposited in cotton when this 
material was available to the adults. 
From a series of rearing jars the cotton 
containing eggs was removed every 10 
days and placed in a clean jar. In this way 
it was possible to have insects of about the 
same age. The firebrats for any one test 
were from the same rearing jar. All tests 
were conducted at 80° F.+2 and 50 per 
cent relative humidity+5, which more 
closely approaches household conditions 
than the temperature at which the test 
insects were reared. 

All baits were ground until they passed 
through a number 50 U. S. standard 
sieve. If particles were larger it was found 
that they were often carried away but 
not eaten by the insects. 

EXPERIMENTAL Resutts AND Discus- 
sion.—Table 1 shows a summary of the 
foods found to be equal to or significantly 
better than wheat flour in attractiveness to 
the firebrat at the 1 per cent level (99:1). 
Cream of Wheat was found to be signifi- 
cantly better than wheat flour in all tests 
where they were compared except those 
two in which egg noodles were also pres- 
ent. This shows conclusively that every 
food has an influence on the reaction of the 
firebrats to the other foods present in the 
test and therefore only those foods in the 
same test can be compared. In tests | 
through 7 of table 1, a series of foods were 
evaluated in attractiveness to the fire- 
brat. In test 8, wheat flour, oatmeal and 
Cream of Wheat, sometimes with salt or 
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Table 1.—Rating of 66 foods or combinations of foods in attractiveness to the firebrat when wheat 
flour is given the arbitrary figure of 100.' 


—_— - 








Test NuMBER 
Foop 5 6 9 10 


Egg noodles 5482.3 7172.3 
Aunt Jemima ready-mix buckwheat 4383 
pancake flour 
Hoof meal 430° 
Aunt Jemima ready-mix pancake 420° 
flour 
Wheat flour 85%, powdered sugar 
15% 
Cream of Wheat 95%, powdered sugar 
-O7 


oe 
Cream of Wheat 3622.3 386 3137 122 
Sunnyfield ready-mix pancake flour 111 
Honey Mead graham crackers 2664 
Ballard’s pancake flour 
Wheat flour 80%, powdered sugar 
20% 
Macaroni 
Wheat 1372.4 
Karaya gum 108 1424 
Oatmeal 85%, salt 5%, sugar 10% 
Wheat flour 95%, powdered sugar 5% 
Rye bread 
White bread 
Dried whey 
Wheat 50%, granulated sugar 50% 
Wheat flour 90%, salt 10% 
Traganth gum 
Barley 
Faultless clothes starch 180 
Macaroni 100 
Dried skim milk (used in livestock 
feed) 
Wheat flour 100 =. 100 100 =6100)— «100 
Wheat flour 50%, powdered sugar 96 
50% 
Moldy fish meal 
Powdered dried whole eggs 
Rice 
Cocoa 
Grape Nut Flakes 
Wheat flour 25%, powdered sugar 
0 
Oatmeal 93%, sugar 4.7%, salt 2.3% 
Calf Manna (milk supplement for 
calves) 
Wheat flour 90%, salt 5%, sugar 5% 
Molasses beet pulp 
Wheat flour 95%, salt 5% 
Beef meal 
Friskies dog food 
Dried skim milk (ice cream manufac- 
ture) 
Egg albumen 
Blood meal 
Dried buttermilk 
Sunnyfield ready-mix pancake flour 
50%, powdered sugar 50% 
Powdered sugar 
Wheat flour 80%, salt 20% 
Moldy wheat flour 
Moldy Sunnyfield ready-mix pancake 
flour 
Oats 
Tankage 
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Table 1.—Continued 








Test NuMBER 





Foop 


5 6 





——$______— ———————e 


Soybean oi] meal 

BY (used in livestock feeds) 
Horn meal 

Brewer's yeast 

Soybean meal, less than 1% oil 
Flake lac 

Corn meal 

Corn gluten 

Dried brewer's grain 

Corn 

Granulated sugar 

Soybeans 

Linseed oil meal 


Kosto-F reeze vanilla ice-cream mix 


21 
20 
15 


13 
11 





1 Foods found to be significant 


inferior to wheat flour are listed in text. 


2 At the 1% level (99:1) significantly better than all other foods in that test. 


* At the 1% level (99:1) significantly better than wheat flour. 

4 At the 5% level (19:1) significantly better than wheat flour. 
sugar added, were evaluated. It is to be 
noted that the two oatmeal foods con- 
taining salt and sugar are not signifi- 
cantly better than wheat flour at the 
5 per cent level, whereas Cream of Wheat 
and wheat flour containing 15 and 20 
per cent sugar are significantly better 
than wheat flour. Note that the combi- 
nation consisting of wheat flour 85 per 
cent, powdered sugar 15 per cent is 
significantly better at the 1 per cent level 
than all other foods in this test. 

Moldy food is not very attractive to 
firebrats. Three of the four moldy foods 
evaluated in test 9 ranked lower, but not 
significantly lower, than wheat flour. If 
the difference had been 0.02 greater be- 
tween wheat flour and moldy wheat flour, 
wheat flour would be significantly better 
at the 5 per cent level. 

Test 10 is the re-evaluation of some of 
the foods most promising in attractive- 
ness to the firebrat. Egg noodles are sig- 
nificantly (99:1) better than all other 
foods in this test. However, note that 
wheat flour 85 per cent, powdered sugar 
15 per cent, is.omitted. 

In addition to the foods listed in table 1, 
the following foods were also tested but 
found to be significantly inferior at the 
1 per cent level (99:1) to wheat flour. In 
test 1, oatmeal, fish meal, dried insects; 
corn starch; meat scraps, tapioca and 
alfalfa meal; in test 2, Ann Page vanilla 
pudding and bone gelatin; in test 3, de- 
bittered soybean flour, 5 per cent oil; in 
test 4, blood albumin and dried solubles; 
in test 5, wheat middlings, soda crackers, 


Gerber’s strained oatmeal, Sunseal wheat 

ste, non-curling envelope glue, wheat 

ran and salt; in test 7, tragacanth gum, 

wheat germ, gum ghetti, apple pomace, 
gum arabic, locust bean gum and keleo 
gum; in test 9, moldy white bread and 
dried whey; in test 10, Honey Mead 
graham crackers. 

Table 2 shows a summary of the food 
combinations tested and found equal to or 
better than the combination of wheat 
flour 85 per cent, powdered sugar 15 per 
cent. In test 1 of table 2, powdered whole 
eggs, powdered sugar or a combination of 
the two were added to several attractive 
foods to evaluate their ability to improve 
foods attractive to the firebrat. The com- 
bination of wheat flour 85 per cent, pow- 
dered sugar 15 per cent, was found to be 
significantly (99:1) better than egg 
noodles or the combination of egg noodles 
85 per cent and powdered sugar 15 per 
cent in this test. Dried whole eggs added 
at the rate of 5, 10 and 20 per cent to 
wheat flour were as good as or better than 
egg noodles. In tests 1 and 4, no combina- 
tion of foods was found to be more at- 
tractive to the firebrat than the flour 85 
per cent powdered sugar 15 per cent com- 
bination. 

It is striking that the four food com- 
binations containing karaya gum were at 
the bottom of the list in test 3 of table 2. 
Karaya gum by itself in previous tests 
appeared to be attractive to firebrats. 

In previous tests it has been shown that 
the firebrat liked egg noodles and mac- 
aroni, both of which contain durum flour 
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which has a higher percentage of gluten 
than ordinary wheat flour. In test 8, of 
table 2 wheat gluten, at concentrations of 
15 per cent and 30 per cent, was added to 
ordinary flour in an attempt to improve 
its attractiveness to firebrats. However, 
the flour-gluten combination did not 
prove as attractive as the flour containing 
15 per cent powdered sugar. 
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A number of food combinations have 
been found to be very attractive to fire- 
brats. Flour 85 per cent, powdered sugar 
15 per cent, would appear to be the best 
and easiest to mix of these food combina- 
tions, having the advantages of being 
readily obtainable, favorably priced, and 
remaining stable after long periods of ex- 
posure to household temperatures. Other 


Table 2.—Rating of 24 foods or combinations of foods in attractiveness to the firebrat when wheat 
flour 85%, powdered sugar 15% is given the arbitrary figure of 100.' 








Foop 


Test NUMBER 





2 3 





Wheat flour 60%, powdered sugar 15%, powdered whole eggs 10%, dried 


skim milk 15% 
Wheat flour 70%, powdered whole eggs 30% 
Macaroni 85%, powdered sugar 15% 


Wheat flour 70 
Wheat flour 70 


powdered sugar 15%, powdered whole eggs 15% 


Wheat flour 70 gp powdered sugar 15%, dried skim milk 15% 


%, Golden Flow’ 30% 
Wheat flour 80%, powdered whole eggs 20% 
Wheat flour 85%, powdered sugar 15% 
Cream of Wheat 90%, powdered sugar, 10% 


Wheat flour 55%, powdered sugar 15%, dried skim milk 15%, dried whole 


eggs 15% 
Karaya gum 85%, powdered sugar 15% 
Sunnyfield ready-mix pancake flour 
Wheat flour 80 
Cream of Wheat 85%, powdered sugar 15% 
Wheat 85%, powdered sugar 15% 


@, dried brewer's yeast 5%, beef meal 15% 


Wheat flour 68%, powdered sugar 157%, py whole eggs 17% 


Cream of Wheat 95%, powdered sugar 5 
Wheat flour 50%, powdered sugar 50% 
Karaya gum 


Wheat flour 70%, dried skim milk 15%, powdered whole eggs 15% 


Wheat flour 90%, dried brewer's yeast 10% 
Wheat flour 85%, dried skim milk 15% 


Wheat flour 70%, powdcred sugar 15%, wheat gluten 15% 


Wheat flour 85%, powdered whole eggs 15% 





1 Foods found to be significantly inferior to wheat flour 85%, 


powdered sugar 15% are listed in text. 


? At the 1% level (99:1) significantly better than all other foods in that test. 
* At the 1% level (99:1) significantly better than wheat flour 85%, powdered sugar 15%. 


‘ Trade name for product containing dried milk and eggs. 


Egg albumen, dried skim milk, pow- 
dered sugar, and dried whole eggs were 
evaluated for their use in wheat flour to 
improve its attractiveness to firebrats in 
test 4 of table 2 

In these experiments, 138 individual 
foods or combinations of foods were 
tested and 53 individual foods or com- 
binations of foods re-evaluated. The most 
attractive foods or food combinations are 
listed in tables 1 and 2. The use of dried 
whole eggs in the food of firebrats is gen- 
erally not to be recommended because 
of the price and lack of availability. Dried 
eggs will also become rancid if allowed to 
remain for long periods of time at room 
temperature. 


foods as attractive as this combination 
to firebrats may be found in the tables, 
and their use would be justifiable if the 
ingredients were readily available. It is 
the author’s opinion that if the top 13 
food combinations in table 2 were in the 
same test, there would be no significant 
difference between them. 

In addition to the foods listed in table 
2, the following foods and combinations 
of foods were tested but found to be sig- 
nificantly inferior at the 1 per cent level 
(99:1) to the combination of wheat flour 
85 per cent, powdered sugar 15 per cent. 
In test 1, wheat flour 90 per cent, dried 
whole eggs 10 per cent; egg noodles 85 per 
cent, powdered sugar 15 per cent; wheat 
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flour 90 per cent, powdered sugar 10 per 
cent; egg noodles; Sunnyfield ready-mix 
pancake flour 85 per cent, powdered sugar 
15 per cent; wheat flour 95 per cent, dried 
whole eggs 5 per cent; in test 2, Cream 
of Wheat; wheat; macaroni; wheat flour; 
oatmeal 93 per cent, sugar 4.7 per cent, 
salt 2.3 per cent; barley; oatmeal; whole 
wheat bread; in test 3, wheat flour 85 per 
cent, wheat gluten 15 per cent; wheat 
gluten; wheat flour 70 per cent, wheat 
gluten 30 per cent; wheat flour 50 per cent, 
pollen 50 per cent; wheat flour 95 per cent, 
dried brewer’s yeast 5 per cent; wheat 
flour 75 per cent, beeswax 25 per cent; 
wheat flour, 85 per cent, Sunseal wheat 
paste 15 per cent; wheat flour 67 per cent, 
proplis 33 per cent; in test 4, wheat flour 
70 per cent, dried skimmed milk 15 per 
cent, egg albumen 15 per cent; wheat 
flour 85 per cent, egg albumeri 15 per cent; 
wheat flour 70 per cent, egg albumen 15 
per cent, powdered sugar 15 per cent. 
Any one of the number of attractive 
food combinations listed in tables 1 and 
2 to which has been added a suitable poi- 
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son should be readily eaten by the firebrat 
and therefore useful for their control. 

Summary.—l. A method was devel- 
oped so that the attractiveness of foods 
to the firebrat, could be evaluated. 

2. The firebrat is capable of selection 
among foods equally available. 

3. Different foods or combinations, to- 
taling 138 in number, were evaluated for 
the firebrat. Fifty-three of these were re- 
evaluated. 

4. A number of foods or food combina- 
tions have been found attractive to the 
firebrat. Because of ease of mixing and 
availability, wheat flour 85 per cent, pow- 
dered sugar 15 per cent appears to be the 
food combination most practical for use 
in baits for this insect. 

5. Sugar, when added to some baits, 
improved their attractiveness. 

6. Salt did not improve the attractive- 
ness of flour. 

7. A combination of certain baits 
proved more attractive than any of the 
component parts.—6-30-45. 
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STATE QUARANTINES REVISED 


Revisions of State quarantines pertaining to the 
Oriental fruit moth—The quarantine of Arizona, 
pertaining to the Oriental fruit moth, was revised 
June 20, 1945; that of Oregon, June 15, 1945: and of 
Washington, June 28, 1945. These revisions reduced 
the quarantined area in the State of Idaho to Canyon 
and Owyhee Counties. The revisions of Arizona and 
Washington added also Merced County, California; 
and that of Oregon, the county of Jefferson, Colo- 
rado, to the quarantined area. 

Revision in California sweetpotato weevil quaran- 
tine—An amendment of the sweetpotato weevil 
quarantine of California was issued May 8, 1945 
which removed from the infested areas Butler 
County, Alabama; 17 counties in northwest Florida; 
Thomas County, Georgia; the Parish of West Feli- 
ciana, Louisiana; Stone County, Mississippi, and 
the entire State of Kentucky, and added to the 
infested areas all of Glynn County, Georgia; the 
Parishes of De Soto and Sabine, Louisiana; Greene 
County, Mississippi, and Mills and Shelby Coun- 
ties, Texas. 

Revision of State quarantines on account of the 
European corn borer.—State quarantines on account 
of the European corn borer were revised July 1, 
1945 by Tennessee; June 14, 1945 by Oregon; and 
June 28, 1945 by Washington. These revisions 
brought under regulation for the first time the entire 


states of Kansas and Nebraska. The revisions of 
Oregon and Washington also brought under regula- 
tion for the first time the counties of Montgomery 
Robertson, and Sumner in Tennessee. That part of 
Minnesota not previously included was brought 
under regulation by the State of Tennessee and the 
entire state of Minnesota by Washington. Those 
parts of Iowa and Missouri not previously under 
quarantine were added by the states of Oregon and 
Washington. 

Texas Pink Bollworm Quarantine Revrised.—The 
pink bollworm quarantine and regulations (Quaran- 
tine Proclamation No. 67) of Texas were revised 
effective July 5, 1945 to add to the lightly infested 
regulated area 21 entire counties and parts of four 
others which were previously not completely under 
regulation. The revision also added to the heavily 
infested area the counties of Cameron, Hidalgo, 
Hudspeth, Starr, Willacy, and that part of El Paso 
County which was formerly designated as lighly 
infested. Additional restrictions were imposed on 
movement of cotton seed from heavily infested 
regulated areas and the requirements on production 
of okra in lightly infested regulated areas were 
modified. An amendment of August 10, 1945 re- 
moved all quarantine restrictions from the County 
of Hockley and the quarantine portion of Lamb 
County until further notice. 
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Further Observations on Host Plants of the Pink Bollworm 
in the Lower Rio Grande Valley of Texas and Mexico 


A. J. Caapman and Ienacto Moreno,! U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine* 


Observations on secondary host plants 
of the pink bollworm of cotton, Pecti- 
nophora gossypiella (Saund.), in the lower 
Rio Grande Valley of Texas and in the ad- 
jacent area of Matamoros, Tamaulipas, 
Mexico, were continued through 1943— 
44. 

As reported by Bibby and Moreno 
(1941) and by Fife and Moreno (1943), 
five malvaceous plants other than cotton 
have been found serving as hosts of the 
pink bollworm, namely, Abutilon triscul- 
catum (Jacq.) Urban, Hibiscus esculentus 
L., H. syriacus L., Malvaviscus drummon- 
di Torr. & Gray, and Pseudabutilon 
lozani (Rose) Fries. Further observations 
on some of these mallows and on three 
others, Hibiscus cardiophyllus Gray, H. 
mutabilis L., and Malvaviscus arboreous 
Cav., are discussed in this paper. 

A heavier infestation of pink bollworm 
in Hibiscus esculentus than had been found 
previously was discovered in a field of 
okra near Matamoros on November 13, 
1943. This field was about 3 miles from 
the nearest cotton. Examination of 100 
dry and 100 green seed pods collected at 
random from the field revealed that all of 
the dry pods and 51 of the green ones were 
infested. The dry okra pods yielded 294 
mature pink bollworms, most of which 
were in the resting stage, and the green 
pods yielded 79 pink bollworm larvae, 
most of them mature. 

A total of 47,865 fruiting forms of the 
wild mallow Malvaviscus drummondii, 
collected during the fall of 1942, were 
placed in indoor cages and held for moth 
emergence, as reported by Fife and Mo- 
reno (1943). Upon examination of this 
material in January 1948, 9 pink boll- 
worms in the resting stage were found, 2 
being in seed pods and 7 in blooms. During 
the fall of 1943 a total of 6950 fruiting 
forms of M. drummondii were also in- 
stalled in screen cages indoors for emer- 
gence of moths. From this material 72 
pink bollworm moths emerged between 


' All members of the Brownsville, Tex., laboratory assisted in 
the investigations reported in this paper. 

* In cooperation with the Delegacion Fitosanitaria in Mata- 
moros, Tamaulipas, Mexico, and the Texas Agricultural Ex- 
periment Station. 


October 29 and November 13. This mate- 
rial was transferred to outdoor cages in 
January 1944, to be observed under less 
artificial conditions. A total of 10 moths 
emerged in these cages between February 
21 and March 11, 1944, the last emergence 
being 5 months after the date of collec- 
tion. The presence of resting-stage larvae 
and the emergence of moths in February 
and March indicated that M. drummondii 
might serve as a source of infestation to 
cotton. 

During the fall of 1943, 52,100 green 
and dry seed pods of Pseudabutilon lozani 
were collected in Texas and Mexico and 
installed in outdoor hibernation cages 
equipped with pyramid covers and with 
traps for collecting the emerging moths. 
Since the seed pods of this mallow tend to 
hang onto the plants for a considerable 
period after ripening, they were placed on 
screen-wire trays above the ground in the 
cages, to simulate natural conditions and 
thus aid in determining whether the pink 
bollworms could overwinter in this mal- 
low. The entire lot of pods was thor- 
oughly mixed, and a sample consisting of 
1000 pods was examined in order to esti- 
mate the number of worms present. 
Twelve pink bollworm larvae, 9 mature 
and 3 immature, were found. On this basis 
it was estimated that approximately 625 
larvae had been installed in the hiberna- 
tion cages. 

A total of 125 pink bollworm moths 
emerged from the pods in the cages be- 
tween December 6, 1943, and June 10, 
1944, as follows: 11 in December, 55 in 
January, 35 in February, 12 in March, 10 
in April, 1 in May, and 1 in June. This 
definitely indicates that the pink boll- 
worm might overwinter under natural 
conditions in the resting stage in seed pods 
of Pseudabutilon lozani and be a source of 
infestation for the next cotton crop. In 
1944, 4 pink bollworm larvae were found, 
1 in January and 3 in March, by examin- 
ing 295 seed pods of P. lozani collected in 
its natural habitat. In another test cotton 
squares were infested with pink bollworms 
hatched from eggs laid by moths that 
emerged from cages containing dry pods 
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of P. lozani. This test definitely showed 
that the pink bollworms developing on P. 
lozani can transfer to cotton. 

One mature pink bollworm larva was 
found during the examination of approxi- 
mately 186 green and dry seed pods of 
Hibiscus cardiophyllus collected at Bar- 
reda, Tex., in October 1943. Although this 
plant is a well-known host of the pink boll- 
worm, it constituted a new record for the 
lower Rio Grande Valley. H. cardiophyl- 
lus is a perennial found in several counties 
in Texas, and also in the adjacent Mata- 
meros and Reynosa areas of Mexico, from 
near the mouth of the Rio Grande to a dis- 
tance of 125 miles west on the Texas side 
and 90 miles on the Mexican side. Al- 
though this species is present in locations 
where the topography is slightly rolling 
and the soil fertile, it apparently prefers a 
well-drained soil and is often found on 
hilltops and hillsides, where soil is scarce. 
Under favorable conditions H. cardiophyl- 
lus fruits throughout the year, but more 
abundantly in the spring and fall. 

In a sample of 425 fruiting forms of the 
well-known ornamental mallow Hibiscus 
mutabilis—-known also as cottonrose, con- 
federate rose, and friendship-of-a-day— 
collected at Brownsville, Tex., in Novem- 
ber 1948, 6 pink bollworm larvae were 
found. This mallow was thereby estab- 
lished as another secondary host plant of 
the pink bollworm in this area. This shrub 
grows from 8 to 10 feet high and bears 
many buds, blooms, and seed pods. The 
young plants closely resemble cotton H. 
mutabilis is not abundant in this area, but 
is often found in gardens and backyards. 

The ornamental mallow Malvaviscus 
arborous, known as the cultivated turks- 
cap, was recently found to be a secondary 
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host of the pink bollworm. A total of 10 
mature and immature pink bollworms 
were found during the examination of 
about 100 blooms collected in Brownsville 
on October 3 and 11, 1944. In another 
sample containing approximately 1,525 
flower buds and io. collected near 
Matamoros on October 30, 2 mature pink 
bollworms were found, making a total of 
12 larvae found on this plant. This is a 
new host record for the pink bollworm. M, 
arboreus is one of the commonest of all 
cultivated mallows in this area. The plant 
grows from 5 to 15 feet high and bears 
many partly closed, bag-shaped red 
blooms 3 inches long, but it never pro- 
duces seed pods. In this area, under favor- 
able conditions, M. arboreus produces 
flowers throughout the year. Although 
this plant occurs in most sections of the 
lower Rio Grande Valley, infested blooms 
were found only on plants growing adja- 
cent to heavily infested cotton. 

Many negative results from examina- 
tions made of the mallows discussed and 
of other potential wild and cultivated 
hosts of the pink bollworm were obtained, 
but are not reported. 

The pink bollworm infestation in sec- 
ondary host plants depends upon the in- 
tensity of infestation in cotton, the prox- 
imity of these plants to cotton fields, and 
the time of year when the secondary host 
plants fruit. The most favorable period for 
infestation of secondary hosts is the fall of 
the year, when infestation in cotton is 
heaviest and cotton stalks are destroyed 
in the fields. The importance of these 
secondary hosts in maintaining the pink 
bollworm infestation in the lower Rio 
Grande Valley of Texas and Mexico has 
not been established.—6-19-45. 
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Quarantine No. 7, pertaining to the Oriental fruit 
moth in California, was revoked July 17, 1945 
and Quarantine No. $ of California, pertaining to the 
Oriental fruit moth in other States, was revoked 


July 20, 1945. 


The intrastate quarantine of Missouri on account 
of Parlatoria chinensis, a scale insect, was revoked 


August 8, 1945. 





Biology and Control of Ash Plant Bugs in California 


Rosert L. Ustncer, University of California, Davis 


Ash trees are grown extensively 
throughout the United States for shade 
and for ornamental purposes. Because of 
their rapid growth and resistance to 
drought they are particularly suitable for 
the many miles of highways which they 
line in the central valleys of California. It 
is unfortunate that such an adaptable 
tree is subject to attack by several omni- 
present native insect pests. Most impor- 
tant insect enemies in California are plant 
bugs of the genus Neoborus, aphids of the 
genus Prociphilus, and the ash lace bug, 
Leptoypha minor McAtee. The aphids curl 
the leaves badly and secrete great quan- 
tities of honey-dew in the early spring. 
They disappear with the onset of dry 
weather and are said to migrate to al- 
ternate hosts during the summer (Essig 
1926). The ash lace bug overwinters as an 
adult and builds up in population until 
late summer when it may defoliate the 
trees. This pest will be treated in a later 
paper. 

The ash plant bugs belong to three 
closely related genera of Miridae, Neo- 
borus Distant, Xenoborus Reuter, and 
Tropidosteptes Uhler. Their closest rela- 
tives are the tarnished plant bugs (genus 
Lygus). Forty-three different ash plant 
bugs have been described from North and 
Central America. Of the 20 species for 
which host records are available, 15 occur 
on various species of Frarinus, and one 
each on a species of Crataegus (Knight 
1929); Swamp privet, Adelia parvifolia 
(Knight 1929); Cottonwood (Knight 
1929); Fringe tree, Chionanthus virginica 
(Knight 1927); and a mistletoe, Phora- 
dendron villosum, on oaks (Van Duzee 
1921). 

By far the commonest and most wide- 
spread species in California is Neoborus 
illitus Van Duzee (1921). It is the princi- 
pal cause of damage to the Arizona ash, 
Fraxinus velutina Torrey, in the parks and 
along the highways and has been reported 
as injurious in Tehama, Glenn, Colusa, 
Yuba, Sonoma, Napa, Yolo, Sacramento, 
Solano, Marin, San Joaquin, Stanislaus, 
Merced, Tulare, and Los Angeles coun- 
ties. Another common species, Neoborus 
pacificus Van Duzee (1921) was described 
from Corvallis, Oregon. I have found it 


commonly on Oregon ash in Tuolumne 
County, California and on Arizona ash in 
Yolo County, California. Nymphs of pa- 
cificus are green with black spots rather 
than brown as in illitus and adults are 
uniform light brown rather than black or 
brown and yellow as in illitus. 

According to Dickerson & Weiss (1916), 
the eastern “ash leaf bug,” Neoborus 
amoenus Reuter (1909) passes through 
two generations a year and the eggs are 
“deposited in the midribs on the under- 
sides of young, tender leaves.” They fur- 
ther state that “the whitish circular rim 
of the egg cap projects out a slight dis- 
tance.” It is not stated where or in what 
stage the insect passes the winter. 

In California Neoborus illitus produces 
but a single generation each year. The 
eggs hatch late in February or early in 
March. Nymphal development takes 
place during March and part of April and 
the oviposition period is completed by 
the middle of May at Davis. The last 
bugs disappear during June, not to be seen 
again until the following spring. Neoborus 
illitus eggs in California are deeply em- 
bedded in the stems and thus remain on 
the trees throughout the dry summer and 
fall and through the dormant winter 
season. Neoborus pacificus is similar to 
N. illitus except. that it lays its eggs in the 
petioles or along the midribs of the leaves 
as well as in the woody tissue. At least 
one more generation appears before pa- 
cificus dies out in July. The following de- 
tailed life history notes and descriptions 
refer to Neoborus illitus. 

Eaes.—Gravid females dissected dur- 
ing April and May were found to contain 
from 8 to 10 fully formed eggs. Males be- 
came scarce late in April and were all 
gone by the middle of May at Davis. 
Eggs are laid in stems of new growth of 
the current season. Punctures are first 
made by probing with the stylets after 
which the ovipositor is inserted. The eggs 
are usually embedded so that only the 
narrow, whitish, convex cap is visible at 
the surface (Fig. 1 A). Scars are formed in 
the stems around a mass of eggs, the scars 
appearing as elongate or irregular slits 
one-fourth to one-half inch across. As 
many as twenty-four eggs were found 
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Fia. 1.—Life history of Neoborus illitus Van D. A, Egg scar on stem showing egg caps in situ. B, Recently 
laid egg dissected from stem tissue. C, Fully developed egg dissected from stem tissue showing extruded 
yolk plug. D-H, Successive nymphal instars from first to fifth. I, Adult male. J, Adult female. 


packed into a single quarter-inch area 
of this sort. The surface scar tissue and 
often the terminal portion of the shoot 
are dead but the tissue beneath the egg 
puncture scars is still quite fresh. The egg 


caps are white, narrow, obliquely convex 
and roughened. Although soft and some- 
what formless when recently laid, eggs 
dissected from plant tissue were clear, 
water yellow in color, elongate in form, 
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and slightly curved at the anterior end. 
They averaged .9 mm. in length, .275 mm. 
in width slightly behind the middle and 
225 mm. across the micropylar cap (Fig. 
1 13). No reddish eye spots were seen dur- 
ing the summer and fall, indicating that 
embryonic development was not far ad- 
vaneed. 

Eggs in an advanced stage of develop- 
ment were examined on February 25, 
1941. At this time the shoots containing 
egg scars were dead, at least at the tips, 
the eggs thus appearing to be embedded 
in dead corky tissue. This is less remark- 
able than the deliberate oviposition by 
some mirids in fence posts and other dead 
wood (Steer 1929). The eggs were partially 
exposed and showed distinct red eye spots. 
The micropylar cap had split open in each 
ease and a cylindrical plug of yolk covered 
by a thin membrane had been extruded. 
The swelling of the egg by absorption of 
moisture and the extrusion of the sub- 
opercular yolk plug has been described for 
another mirid, Notostira erratica (Linn.) 
by Johnson (1934). Dissection of Neoborus 
eggs from the plant tissue was difficult at 
this time because slight pressure on the 
sides of the egg forced the yolk plug off, 
due to pressure from below by the em- 
bryo. The length at this time, including 
extruded yolk plug, averaged 1.006 mm., 
the length of the plug beyond apex of 
egg, .2 mm.; and the greatest diameter of 
the egg, .28 mm. (Fig. 1 C). 

Ec.tosion.—Hatching took place at 
Davis in the spring of 1941 between 
February 27 and March 11. This coincided 
perfectly with the appearance of the first 
leaves of the ash trees. Stems with eggs 
about to hatch were placed in cellophane 
cages on uninfested ash trees. After 24 
hours of hatching the eggs were removed 
and the nymphs of known age were fol- 
lowed through to adults in these cages. 

NyMPHAL DevELOPMENT.—N ymphs in- 
creased in size and passed through five 
instars in about twenty-five days. The 
average length of instars one to five under 
field conditions was 4, 4, 4, 5, 8. The suc- 
cessive instars increased in length as fol- 
lows: .7, 1.12, 1.65, 2.15, 2.5 mm.; and 
in head width (across eyes) as follows: 
25, 43, .63, .75, .93 mm. 

Furtra NymMpuHau Instar (Fig. 1 H).— 
Oval in outline, convex above, generally 
brown in color with white and reddish 
markings, the surface glabrous and highly 
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polished. Head strongly declivous, half 
again as broad across eyes as long, the 
tylus moderately and juga and lora 
strongly swollen. Inner margins of eyes 
strongly anteriorly divergent. Antennae 
inserted in short, socket-like tubercles. 
Antennae a little less than twice as long 
as width of head across eyes, 64: :37; pro- 
portion of segments one to four as 11:28 
:14:11; first segment slender basally, 
second and third nearly cylindrical, 
fourth spindle-like. Rostrum reaching 
posterior coxae, proportion of segments 
one to four as 10:10:7:10; first segment 
strongly expanded apically, especially 
ventrally, second narrow, third distinctly 
broadened at middle, fourth narrower, 
acuminate apically. Labrum about half as 
long as first rostral segment, swollen, 
tapering towards apex. 

Pronotum three-fourths as long as head 
and one-sixth broader than head, the 
front margin slightly concave, side mar- 
gins subrectilinear, strongly divergent 
posteriorly, hind margin convex, angles 
rounded. Mesonotum almost one-fourth 
longer than pronotum on median line, 
22::18, the sides broadly dilated and 
rounded forming outer margins of hemel- 
ytral pads, the body as wide across wing 
pads as length of antennae, the pads 
reaching sixth abdominal segment, hind 
margin of mesonotum between hemelytral 
pads feebly angulately produced at mid- 
dle. Metanotum less than one-fourth as 
long as mesonotum at middle, feebly an- 
gulately emarginate between the wing 
pads, the inner portions of wing pads 
broadly exposed except toward apices 
where the hemelytral pads completely 
cover them. Pale portions of pronotal and 
mesonotal disks with numerous superficial 
punctures visible. 

Abdomen with the segments subequal 
in length at middle, the sutures relatively 
straight except posteriorly, nymphal scent 
gland opening small, transverse, located 
at middle of suture between third and 
fourth abdominal segments. Ninth and 
tenth segments narrowed, broadly con- 
nate. Under surface appearing concave 
due to the strongly overlapping hemel- 
ytral pads. Tarsi two-segmented, the 
basal segment very short. 

Color largely brownish above, the head 
with white juga, white margins of eyes, 
and ochraceous frons except for brown 
vitta extending backward from tylus and 
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broad brown areas above insertions of an- 
tennae; pronotum with white margins and 
a pale area at middle; mesonotum pale 
along mid-line and broadly on posterior 
two-thirds of middle region between 
hemelytral pads, the pale area extending 
further forward on either side. Hemel- 
ytral pads obscurely pale along extreme 


Fic. 2.—Injury to stems and leaves of 
current season's growth. 


lateral margins and with an obscure pale 
vitta sublaterally, broadest at base and 
extending as a narrow fascia for about half 
the length of pad, with a round sublateral 
spot at about apical fourth. Metanotum 
pale along middle and irregularly along 
hind margin between wing pads. Abdo- 
men reddish above with pale at middle of 
first segment and sublaterally on poste- 
rior half with brown at scent gland open- 
ing and on ninth and tenth segments. 
Antennae pale with lightly infuscated 
base and apex of second segment, third 
segment, and base of fourth. Rostrum pale 
with black labrum and black apex. Legs 
pale, the femora with broad median and 
small subapical brown spots, tibiae brown 
at base, broadly a little beyond base and 
narrowly at middle, tarsi dark brown to 
black. Under surface pale medially and 
reddish laterally, the abdomen reddish 
with pale irregularly on median convex 
area and surrounding spiracles with a con- 
nection to pale margins. 

Apvu.tts.—(Fig. 1, land J).—The adults 
have been described by Van Duzee (1921). 
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They are strikingly sexually dimorphic. 

Tyre or Insury.—lInitial injury is 
caused by the recently hatched first in- 
star nymphs which concentrate on the 
opening buds. The new leaves are the only 
source of nourishment for the young bugs. 
As development proceeds the larger 
nymphs feed upon the new growth. White 
areas and black excrement spots on the 
leaves are typical of this stage with even- 
tual browning and curling of the leaves. 
Meanwhile stem feeding produces a con- 
dition of general wilt at the ends of 
branches and finally a curling and drying 
of all new growth (Fig. 2). 

Continued feeding by later nymphal in- 
stars and by adults on stems, leaves, seeds 
and male flowers causes partial or com- 
plete defoliation. During May entire trees 
in the vicinity of Davis are defoliated. The 
branches are completely devoid of leaves, 
only dead sprigs remaining as evidence of 
the season’s growth. This is the climax of 
injury for the season. With the bugs gone 
and next season’s eggs deeply embedded 
in the stems, the tree puts out new foliage. 
By July a superficially normal appearance 
has been achieved (Fig. 3). Only inspec- 
tion of individual branches reveals the 
dead twigs of the earlier growing period 
(Fig. 4). 

ContTrROL.—Because of the type of life 
history and feeding habits, two methods 
of control were indicated: dormant ovi- 
cides during the winter months and con- 
tact sprays in the spring for nymphs and 


Fia. 3.—Left. Defoliated ash tree compared with an 
adjacent relatively uninfested tree, Davis, May, 
1940. Right. The same tree after completion of ovi- 
position and death of the bugs, Davis, August, 1940. 


adults. One ovicide used was the tri- 

ethanolamine salt of 2,4 dinitro-ortho-6- 

cyclo-hexyl-phenol' at 1 to 400 with 2 per 
1 A product of the Dow Chemical Co., Midland, Michigan. 
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cent Winter Toxoluble Oil of 82 viscosity 
and 76 U. R. Vatsol' was added at 1 to 
1600 as a wetting agent. This mixture has 
been abbreviated “DNOP” in table 1. 
The other ovicide used was 3,5 dinitro- 
ortho-eresol (abbreviated ““DNOC’’)? at 1 
per cent strength. Other insecticides used 
were lauryl thiocyanate;’ an oil emulsion 
containing 75 per cent by volume of pe- 
troleum oils and 25 per cent inert ingredi- 
ents with 92 per cent U. R.* (abbreviated 
“oil emulsion”) combined with nicotine 


Fria. 4. 
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Results are summarized in table 1, the 
January and February applications being 
dormant strength ovicides, the March 
sprays being directed at the nymphs and 
the April applications at the adults. Good 
coverage was obtained with 10 gallons of 
spray when the trees were dormant while 
20 gallons were necessary after the foliage 
appeared. 

The “per cent kill” was determined for 
the ovicides by dissecting one hundred 
eggs from the stems of a tree one week 


—Left. Defoliated branch, May, 1940. Right. 


Defoliated branch with new summer foliage. 


sulfate;> beta-butoxy-beta-thiocyano-di- 
ethyl-ether* (abbreviated “butoxy thio- 
cyanate”); and a western olefene base oil 
containing 30 per cent oleic acid and a 
spreader (abbreviated “‘oil-oleic acid’’) to 
which is added 20 per cent of a derris 
extract in camphor sassafras base oil con- 
taining 5 grams of rotenone in 100 cc.’ 
(abbreviated “rotenone C.S.”’). To this ro- 
tenone-oil mixture was added a nicotine 
alkaloid and pyrethrum containing not 
less than 2.5 per cent pyrethrins® (ab- 
breviated “‘pyrethrum”’). 


1A product of the Am. Cyanamid and Chem. Corp., N. Y. 
a etol, a vy nsene of Standard Agricultural Chemicals, Inc., 
oboken, 
a ethane nye a product of Rohm & Haas, Philadelphia, 
4 Arborol, a uct of California Spray-Chemical Corp., 
Richmond, ‘fn - 
§ Black ‘Leaf 40 40, a product of Tobacco By-Products and 
Chem al Corp., Louisville, Ky. 
ro, @ product of E. I. du Pont de Nemours and Co., Wil- 
singin Di Oil R-50, » product of Standard Agricul 
lex ut 50, a Pr uct of Stan gricu 
tral “eerioale Tan’ He boken, N. 
* Pyrocide 20, Deodorized ad Clavified Li Liquid Insecticide, a 
product of McLaughlin Gormley King Co., Minneapolis, Minn. 


after spraying. Death was determined by 
the shriveled condition of the embryo. All 
eggs were alive in the control whereas the 
percentages indicated in table 1 were dead 
in the sprayed samples. Each figure of 
“per cent kill” is an average of three sam- 
ples of 100 eggs each. 

“Per cent kill” for nymphs and adults 
was determined by counting 100 insects 
24 hours after spraying and noting the 
number of dead bugs as compared with 
live bugs. The dead bugs were shriveled 
and motionless and hence easily recog- 
nized amidst the foliage. The control con- 
sisted entirely of live bugs in each case. 
Figures of “‘per cent kill” are an average of 
three counts of 100 bugs each from differ- 
ent parts of a single sprayed tree. 

Several facts are evident from the table. 
First, an oil ovicide shows promise if used 
at sufficient strength and has the added 
advantage that coverage is easy and re- 
quires relatively less volume of spray. 
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Second, a wide variety of sprays were at 
least moderately effective on the nymphs 
and on the adults. Third, the most effec- 
tive spray was rotenone or pyrethrum 
combined with a mineral oil containing a 
small percentage of oleic acid and a 
spreader. The rotenone-oil mixture at a 
dilution of 1 to 400 gave complete control 
of both nymphs and adults. 

Contact sprays should be applied after 
complete hatching of eggs, about March 
15 at Davis in 1941. Thorough coverage at 
this time not only prevents further injury 
for the year but precludes injury for the 
following year because no eggs are laid to 
carry over and start a new generation. In 
compound infestations involving two or 
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the current year’s growth during April and 
May. The eggs remain embedded in the 
plant tissue in a relatively undeveloped 
condition during the summer and fall, 
They develop more rapidly and swell by 
absorption of water during the winter. 
Expansion is possible only in one direc- 
tion so the egg cap bursts and a yolk plug 
is extruded. Hatching follows and the an- 
nual cycle is repeated. Neoborus pacificus is 
less abundant on ornamental trees. It 
undergoes a life cycle similar to illitus 
except for the second spring generation. 
Injury starts with the feeding of newly 
emerged nymphs on the opening buds, 
White areas devoid of chlorophyll and 
black excrement spots are characteristic 


Table 1.—Summary of experiments on the control of the ash plant bug. 








INSECTICIDE On 


Winter Toroluble 
2 per cent 


DNOP 
1—400 
DNOC ° 
] per cent 
Laury! thiocyanate 
1—400 
Nicotine sulfate Arborol 
1—-1200 1-50 
Butoxy thiocyanate 
1—1000 
Rotenone C. S. oil-oleic acid 
1-800 1-800 
Rotenone C. S. oil-oleic acid 
1-400 1—400 
Rotenone C. S. oil-oleic acid 
1-200 1-200 
Nicotine alkaloid oil-oleic acid 
1—2400 1-400 
Pyrethrum oil-oleie acid 
1—1200 1—400 
Rotenone C. S. oil-oleic acid 
1—400 1—400 
Rotenone C. S. oil-oleic acid 
1-200 1-200 


DaTE oF Per Cent 
APPLICATION KIL. 


WETTER OR 
SPREADER 


Vatsol 
1-1600 


1-30-41 92 


2-27-41 
Mouillant 3-19-41 
1-125 
3-19-41 
Grasselli 3-19-41 
1-400 
blood albumin 
1-3200 
blood albumin 
1—3200 
blood albumin 
1—3200 


3-20-41 
3-20-41 
3-20-41 
3-20-41 
blood albumin 3-20-41 
1-3200 
blood albumin 
1-3200 


blood albumin 
1-—3200 


4-14-41 


4-14-41 





more species, a later application in May 
or June is indicated. 

SumMARY.—The ash plant bug, Neo- 
borus illitus Van D., is at present the 
worst pest of ornamental ash trees in 
California. It is univoltine. The eggs 
hatch when the first leaves appear late in 
February and early in March in the vicin- 
ity of Davis. Nymphal development 
requires approximately 25 days, the 
insect passing through five nymphal in- 
stars. Mating takes place about the mid- 
dle of April and the males die off soon after 
this. The females oviposit in the stems of 


evidence on large leaves while the stems 
and entire current season’s growth wilt as 
the season advances. Finally entire limbs 
become defoliated. After oviposition and 
death of the bugs, new leaves are put 
forth and the tree regains a superficially 
normal appearance during the summer 
months. 

Control with the triethanolamine salt 
of 2,4-dinitro-ortho-6-cyclo-hexyl-phenol 
at 1 to 400 with 2 per cent Winter Torolu- 
ble Oil and Vatsol as a wetting agent at 
1 to 1600 was effective (92 per cent kill) 
as an ovicide. A mineral oil with oleic acid, 
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a spreader, and rotenone in camphor sas- 
safras oil gave complete control of both 
nymphs and adults at dilutions of 1 to 
400 with blood albumin as a spreader. 
The oil-rotenone spray should be applied 
during March and April because at this 
time the bugs are wingless and hence are 
unable to fly away and avoid the spray. 
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Moreover, control at this time prevents 
oviposition, thus precluding development 
of the next year’s generation.'—6-19-45. 


1 Valuable assistance with spray equipment was rendered by 
J. D. Matley and W. A. Westgate of the Standard Agricultural 
Chemical Co., and personnel of the Dow Chemical Co., and 
G. F. MacLeod, W. M. Hoskins, and S. F. Bailey of the Univer- 
sity of California offered suggestions in connection with control 
methods and materials. 


LITERATURE CITED 
Dickerson, E. L. and H. B. Weiss. 1916. The Ash leaf bug, Neoborus amoenus Reut. Jour. New York 


Ent. Soc. 24(4): 302-6. 


Essig, E. O. 1926. Insects of Western North America. The Macmillan Company. 
Johnson, C. G. 1934. On the eggs of Notostira erratica L. Trans. Soc. British Ent. 1(1): 1-32. 
Knight, H. H. 1927. Descriptions of twelve new species of Miridae from the District of Columbia and 


vicinity. Proc. Biol. Soe. Wash., 40: 9-18. 


Knight, H. H. 1929. New species of Neoborus and Xenoborus. Bul. Brooklyn Ent. Soc. 24(1): 1-11. 
Van Duzee, E. P. 1921. Characters of some new species of North American Hemipterous insects, with 
one new genus. Proc. Calif. Acad. Sci. (4) 11(10): 111-34. 


Insect Pathology and Biological Control! 


Epwarp A. Sternnaus, University of California, Berkeley 


To most entomologists the term biolog- 
ical control first suggests to their minds 
the use of certain insects which parasitize 
and usually destroy other insects. Such a 
conception is only natural since most of 
the emphasis and experimental work in 
biological control has been concerned with 
parasitic insects. In the time allotted for 
this talk, however, I should like to empha- 
size a few general aspects of another im- 
portant type of biological control, namely, 
that brought about by the natural and 
artificial use of parasitic and disease-pro- 
ducing microorganisms including bacteria, 
fungi, protozoa, and viruses. 

In recent years, anyone who has at- 
tempted to speak on the role of micro- 
organisms in the control of insects has 
usually had to do so before an audience 
somewhat prejudiced against his subject, 
or at least very skeptical of the worth- 
whileness of it all. In light of past experi- 
ences, perhaps this “show me” attitude is 
only natural and, in fact, warranted. On 
the other hand, if for no other reason than 
for the sake of the realization of the full 
scope of the field of biological control, we 
ought to assume a more open-minded 
viewpoint, realizing that the last word on 
this subject has by no means been spoken. 
In fact, the practical and full realizations 
of the field appear to lie largely in the 
future and it is encouraging to hear men 


' Presented before the Entomological Club of Southern Cal- 
ifornia, at Alhambra, June 1, 1945. 


like Professor E. O. Essig, say, as he did in 
his recent presidential address to the 
American Association of Economic Ento- 
mologists: ‘This field of investigation [7.e., 
biological control] is still capable of great 
expansion and we can hardly visualize the 
heights that may be attained by the expert 
use of bacteria, fungi, and insects in this 
connection.” 

We must admit, however, that except 
in a few cases, extensive use of micro- 
organisms in the control of insects has so 
far not worked out too well. Therefore, 
it is pertinent that we ask: “To what may 
this over-all apparent lack of success be 
attributed?” 

In the first place, the field of insect 
microbiology or insect pathology has been 
a neglected one. There are several reasons 
for this, one of which is the fact that it is a 
borderline field between entomology and 
microbiology, the latter including the 
sciences of bacteriology, mycology, pro- 
tozoology, virology, and immunology. It 
is a rare entomologist who has taken ex- 
tensive or adequate training in the micro- 
biological sciences, and similarly, the 
microbiologist has seldom troubled him- 
self to take proper training in entomology. 
Because of this state of affairs, specialists 
have not been prone to delve into the 
borderline field of insect diseases and as a 
result the applications to biological con- 
trol have been carried on largely in a dil- 
ettante spirit. 
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In the second place, initial reports con- 
cerning the efficacy of such forms of bio- 
logical control were frequently over-en- 
thusiastic and, after a few disappointing 
failures, the early optimism was replaced 
by undue pessimism. This gave rise to 
unjustified criticism regarding all phases 
of insect control through the use of micro- 
organisms and a general lack of interest 
in the field. 

Perhaps the greatest single reason for 
the present skepticism and lack of success 
in this branch of biological control is the 
need of adequate information and under- 
standing concerning the essential factors 
underlying the general use of microbes 
against insects in nature. The factors of 
“biotic potential” (reproductive potential 
and survival potential), and “environ- 
mental resistance,” well-known with re- 
spect to entomophagous insects, have 
hardly been considered in relation to the 
diseases of insects. All too frequently it is 
forgotten that parasitic microorganisms 
are an important part of the environ- 
mental resistance which opposes the biotic 
potential of any given insect. As is so often 
the case with things which promise to hold 
great practical benefits we have gone 
pell-mell ahead attempting to use micro- 
organisms without stopping to do much 
of the fundamental research necessary for 
an adequate understanding of the various 
biological relationships which exist be- 
tween microorganisms and insects. We 
have very little information as to the fact- 
ors and potentialities concerned in the 
artificial use of microorganisms in con- 
trolling insects or even as to how we can 
assist nature in bringing about the disease 
outbreaks of her own accord. 

I should like to point out some of the 
blind spots in our knowledge of insect 
diseases by asking the following questions: 

(1) Just how great a factor are diseases in the 
natural control of insects? Can anyone offer 
more than mere guesses or estimates on this 

int: 

(2) How great a factor are, or how great a factor 
can diseases be in the artificial control of in- 
sects? What do we know of the biological re- 
lationships involved in such applications? 

(3) How can the saturation points of the micro- 

organisms in a given set-up be determined or 
controlled and how can the saturation point 
for any particular microorganism and insect 
be brought about? 
Of what importance are diseases occurring in 
insects which have been weakened by other 
means of control (chemical, environmental, 
and biological)? 
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| (5) What part of so-called “natural mortality” 
or “unexplained mortality” is due to disease? 

(6) Under certain conditions do the symbiotes 
normally associated with insects assume the 
_— : pathogens and cause the death of their 


(7) Is there any way of predicting the outbreak 
of epizootics? Such information would cer- 
tainly be of great value to the agriculturist, 

(8) What are the best means of preventing and 
controlling disease in our insectaries? 

(9) Should we not know more about the diseases 
of our beneficial insects in general? 

(10) Does microbial disease ever prevent the ful] 
realization of the success of introduced in- 
sect parasites? 

(11) Cannot some system be devised whereby 
statistical data on disease outbreaks would 
be collected, analyzed, and be put to prac- 
tical use? 


Of course, there are many other queries 
as pertinent as these which could be asked 
but those just mentioned are some of the 
broad questions which need solution and 
which the field of insect pathology should 
strive to answer. It might be well, there- 
fore, to consider in slightly more detail 
the present status of our answers to one 
or two of these questions and to point 
out a few of the possible opportunities 
for the realization of practical results in 
the biological control of insects through 
the medium of disease. 

First, let us consider the importance of 
disease in the natural control of insects. 
Nearly every experienced field entomolo- 
gist has at one time or another observed 
disease epidemics or epizootics occurring 
among insects in nature. Especially has 
this been seen at times when the insects 
were present in very large numbers and 
were greatly crowded together. Unfor- 
tunately, most of these epizootics have 
not been recorded in the literature nor 
reported to any central agency or labora- 
tory. Still less frequently has anyone 
taken the time to investigate these out- 
breaks to determine their cause, extent, 
or possible practical use. 

Numerous examples of these natural 
epizootics might be cited but I should 
like especially to refer to two or three 
which have been observed here in Cali- 
fornia and in other western states during 
the past year or two. In northern Cali- 
fornia and in Oregon and Washington 
several lepidopterous defoliators are from 
time to time found heavily diseased in the 
larval stage. Mr. R. L. Furniss of the 
Forest Insect Laboratory in Oregon has 
written me that in 1944 he saw a con- 
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silerable number of diseased specimens cf 
the black-headed budworm, Acleris vari- 
ava, in the state of Washington. Also in 
1944, the western hemlock looper, Ellopia 
fiscellaria lugubrosa, was found heavily 
diseased in Oregon. This insect has also 
been found diseased in northern Califor- 
nia. Dr. A. E. Michelbacher and Ray F. 
Smith on several occasions have seen in- 
festations of the alfalfa butterfly, Colias 
eurytheme, almost entirely wiped out in 
localized areas by disease. In none of 
these cases has the etiologic agent of the 
disease been determined. 

It would seem that those entomologists 
interested in the ecology and bionomics 
of insects can ill afford to ignore the effect 
of disease on insect populations and the 
conditions which bring about the out- 
break of disease in nature. There are many 
forces which reduce the biotic potential 
of or increase the environmental resist- 
ance against any given insect. The prin- 
cipal factor in this regard, of course, is 
climate. Authorities are generally agreed, 
however, that although climatic factors 
may destroy the greater percentage of in- 
sects, actual control to a state of biologi- 
cal equilibrium is the result of biological 
rather than physical agencies. The ques- 
tion we are as yet unable to answer in this 
regard is: Just what part of these bio- 
logical agencies is assumed by naturally 
occurring diseases? 

Now, for a moment, let us turn to the 
—— of disease m the artificial con- 
trol of insects. I have already mentioned 
that due to the past failures of inadequate 
attempts to aid the control of insect pests 
by the use of disease organisms, it has 
been generally concluded by many, that 
such methods of control are of no practical 
value whatever. Is this viewpoint justi- 
fied? True, there have been several 
instances in which microorganisms were 
enthusiastically hailed as the ideal control 
measures only to have the project ul- 
timately deflated by failure. Consider, for 
example, the acclaim afforded the initial 
success of the use of the bacterium Cocco- 
bacillus acridiorum in the control of lo- 
custs, or the use of the fungus Beauveria 
globulifera against the chinch bug, or the 
use of certain protozoa and bacteria in the 
control of the European corn borer. These 
. Since this was written the water bee had = ° ni 
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have now lost favor in the hands of eco- 
nomic entomologists. Why? Was their 
advocacy a mere illusion, or perhaps an 
attempt to save someone’s reputation? Is 
their use entirely without practical value? 

Let us consider the disappointing case 
of Coccobacillus acridiorum. This bac- 
terium was first isolated by d’Herelle in 
Yucatan, Mexico, from the locust Schisto- 
cerca pallens. While in Mexico, d’Herelle 
noticed a heavy mortality occurring in the 
migratory locusts which had arrived from 
Guatemala. In 1910 and 1911 the epizo- 
otic occurred so extensively that by 1912 
the numbers of locusts were reduced to 
the extent that no invasion into Mexico 
occurred. D’Herelle apparently was also 
successful in combating plagues of Schis- 
tocerca in Argentina and Tunisia although 
in the latier country mechanical methods 
were also employed. Since d’Herelle’s 
early successes, some workers have been 
able to confirm his results while others 
have failed completely. The latter appear 
to have been in the majority and their 
pessimism apparently has killed all in- 
terest in further consideration of the or- 
ganism as a means of biological control. 
Now, just why has this state of affairs 
come about? Why will success reward one 
worker while failure results when another 
attempts to use the same methods? I do 
not pretend to know the answers and 
probably some of d’Herelle’s claims are 
unfounded, but I feel that a close inspec- 
tion of the situation reveals several per- 
tinent and highly significant facts which 
have been overlooked by many of the 
critics. For one thing, there seems to be a 
difference in the susceptibility of different 
locusts to the disease. The bacteria ap- 
pear to be more effective against locusts 
of the genus Schistocerca than against 
other general of the Locustidae. Yet, the 
method has been condemned by workers 
using entirely different species of grass- 
hoppers. Secondly, it has been found that 
several strains of Coccobacillus acridiorum 
exist, not all of which are equally patho- 
genic. Indeed, Glaser has found that some 
of the cultures circulating under the name 
“Coccobacillus acridiorum” were not of 
this species or even genus! Then too, the 
typical strain of Coccobacillus acridiorum 
rapidly loses its virulence on artificial cul- 
ture media unless periodically passed 
through locusts. Furthermore, strains of 
low virulence and strains of closely re- 
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lated bacteria are occasionally found nor- 
mally present in locusts, and these may 
immunize the insects against the fully 
virulent Coccobacillus acridiorum. Is it any 
wonder then, that there were a large num- 
ber of failures reported? When ordinary 
principles of bacteriology are completely 
ignored, how can such a method of bio- 
logical control be said to have had a fair 
trial? The example just given shows 
clearly the need for more basic research 
into the biological relationships involved. 

This sort of situation has prevailed 
throughout the many attempts to use 
microorganisms to control insects. Dr. 
H. S. Fawcett has recently pointed out 
that the lack of the proper understanding 
of the saturation point may explain why 
no increased mortality of the chinch bug 
occurred in areas where spores of the 
fungus Beauveria globulifera were dis- 
tributed. In other cases it would appear 
that failure has resulted because advan- 
tage was not taken of the fact that the 
natural distribution of many fungi fre- 
quently lags far behind the possible maxi- 
mum degree of infection thus suggesting 
artificial distribution of the spores at an 
earlier date. A great deal is said but very 
little is actually known about the inter- 
related effects of such factors as humidity, 
temperature, and light on the optimum 
growth of entomophytic microorganisms. 
As far as I am aware, no one has seriously 
considered the degree to which microor- 
ganisms invade and kill insects which 
have been weakened by the previous ap- 
plication of insecticides or parasitic in- 
sects. Some workers have suggested that 
certain of the internal symbiotes found 
normally in many insects may, under cer- 
tain conditions, become pathogenic, actu- 
ally harming or killing their host. If such a 
possibility exists it has not definitely been 
proved and certainly we have no idea as 
to the conditions which may bring about 
this sort of phenomenon. 

In the past, most of the work in micro- 
bial biological control has been done with 
fungi, possibly because of the comparative 
ease with which they may be handled and 
because of the interest of mycologists in 
entomogenous fungi. The role of these or- 
ganisms in the control of insects has been 
emphasized by Fawcett in a recent review 
in Botanical Reviews. On the other hand, 
there are still large virgin fields awaiting 
investigation as concerns the diseases of 
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insects particularly those caused by bac- 
teria, protozoa, and viruses. In this re- 
spect, what is the status of these last three 
groups of infectious agents? 

Interest in bacteria parasitic on insects 
has recently been revived by the use of 
Bacillus popilliae and Bacillus lentimorbus 
in the control of the Japanese beetle Popil- 
lia japonica. These organisms cause types 
A and B milky disease. The spores of 
Bacillus popilliae are disseminated over 
certain areas in northeastern United 
States and apparently are quite effective 
in reducing the numbers of Japanese bee- 
tle larvae. The point I wish to make is 
that this is the only instance at present 
of the practical, relatively wide-scale use 
of bacteria in the artificial control of in- 
sect pests. Surely the opportunities of the 
field are not limited to this one bacterium. 
More, much more, fundamental knowledge 
concerning the basic biological relation- 
ships between bacteria and insects is 
necessary before we can hope to utilize 
these agents. We have ample evidence 
that under proper conditions bacteria can 
and do cause rapid death of insects—but 
we have practically no information as to 
what these conditions are or how we can 
bring them about in the field. 

In this connection it is interesting to 
note that generalizations made by some 
writers with regard to the use of fungi ap- 
parently do not necessarily apply to bac- 
teria and for that matter, probably do not 
apply to all fungi. For example, White & 
Dutky found, during the course of their 
field studies with Bacillus popilliae, that 
it was possible to hasten the disease build- 
up and subsequent larval reduction by ap- 
plying the spores in areas where the dis-- 
ease already occurred. It was also possible 
to prevent the increase of larval popula- 
tions to their normal peak by introducing 
the disease agent into areas where the dis- 
ease did not occur naturally, Once the 
disease was introduced into an area it was 
usually permanently established. 

There have been well over 100 species 
of bacteria mentioned in the literature as 
being pathogenic to insects. Few of these, 
however, are characterized as true patho- 
gens of insects only, such as is the case 
with Bacillus popilliae. It is obvious that 
a search should be made for more species 
of bacteria which are characteristically 
pathogenic for insects in nature and 
which, because of this physiological char- 
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acteristic, may prove to be of more prac- 
tical value in the hands of man than have 
those bacteria whose normal habitat is 
not entomophytie and only occasionally 
and under certain conditions are patho- 
genic for insects. Furthermore, and in 
contrast to what has been done in the 
past, steps should be taken to maintain 
and preserve the type cultures of the en- 
tomophytic bacteria at a central labora- 
tory such as that of the American Type 
Culture Collection. 

Although the number of protozoa 
known to cause fatal diseases of insects is 
smaller than the number of bacterial and 
fungous diseases, they nevertheless may 
be more important from this standpoint 
than they are usually given credit for 
being. Paillot has expressed the belief 
that protozoa play a more important réle 
than bacteria in the natural destruction of 
insect pests, though this may be an over- 
estimation of their effect. 

Pébrine, the notorious microsporidian 
disease of silkworms, illustrates how 
devastating a protozoan disease may be 
under the proper circumstances. The mi- 
crosporidian diseases appear to be the most 
important protozoan diseases affecting 
insects—there being approximately 125 
species of insects known to be susceptible 
to infection by them. Of this group of 
Sporozoa the genera Nosema, Thelohania, 
Glugea, and Perezia are probably the best 
known. 

At the present time I know of no pro- 
tozoan disease which is being used arti- 
ficially to control insects. There are cer- 
tain characteristics of protozoa, however, 
which would make them ideal agents for 
this type of thing. I refer especially to the 
fact that most protozoa form very re- 
sistant spores or cysts which, while they 
are awaiting a host, should enable them 
to withstand unfavorable environmental 
conditions. This characteristic should also 
make it relatively easy to distribute them. 
Offhand, at least, it would seem that the 
physical environment is much less impor- 
tant in the transmission of protozoan dis- 
eases than in that of some of the bacterial 
diseases. Also to be mentioned is the fact 
that once a protozoan, such as a micro- 
sporidian, contacts or enters the digestive 
tract of its host, the chances that it will 
invade the insect’s tissues is great. In the 
case of many bacteria, however, their ac- 
tion is quite destructive once they have 
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gained entrance into the hemolymph or 
some vital tissue but their initial invasive 
power, such as through the intestinal epi- 
thelium, may be very low. 

There are many instances in which virus 
diseases have been observed to wipe out 
large infestations of destructive insects 
dramatically and within a short time. 
There is no doubt that these diseases (also 
known as “wilts” or “polyhedral dis- 
eases”) could be an important means of 
control if properly handled. As stated by 
Sweetman, “Under favorable conditions 
they accomplish a greater reduction of the 
pests than do the combined efforts of all 
hymenopterous and dipterous parasites 
superimposed upon spraying and other 
control measures.” Extensive natural epi- 
demics have occurred among such de- 
structive insects as the gypsy moth, nun 
moth, armyworm, cutworm, tent cater- 
pillars, and others. Virus diseases also af- 
fect beneficial insects such as in the case 
of sacbrood of bees (a non-polyhedral dis- 
ase) and jaundice of silkworms (a poly- 
hedral disease). 

Since virus diseases break out in rapidly 
spreading epidemics it would appear that 
it might be a relatively easy matter to es- 
tablish such diseases and to cause epizo- 
oties at will. Such, however, has not been 
the case. At least, extensive epizootics 
have never been produced artificially. 
Very probably the reasons for the lack of 
success so far is our woefully inadequate 
understanding of these diseases. Here is a 
field awaiting further investigation in 
order that we may be furnished with more 
basic facts relating to their probable use 
against destructive insects. 

I have mentioned the state of affairs as 
it exists with entomophytic bacteria, 
protozoa, and viruses. I should like to 
emphasize again that the group of micro- 
organisms so far having had the most 
practical use is that of the fungi. Since 
several other writers have pointed out the 
usefulness of this group, I have taken this 
opportunity to indicate the other types of 
microorganisms which have not had as 
much attention as the fungi but which, 
when we know more about them, may 
hold equally as much promise. It is per- 
haps desirable that we think not only in 
terms of one microorganism at a time “but 
also keep in mind the possibility (as yet 
practically unexplored) of using two or- 
ganisms or species of two different kinds 
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of organisms simultaneously or of using 
one kind of microorganism during one 
stage of the insect’s life cycle and another 
microorganism at a subsequent stage. It 
is also possible that microorganisms could 
be used at one stage and a parasitic or 
entomophagous insect at another stage. 

On this whole question of the use of 
microorganisms in the biological control of 
insects I should like to make my position 
perfectly clear. Putting it simply, my atti- 
tude is one of hopeful conservatism. I do 
not envision microorganisms as the pana- 
cea to insect control. On the other hand, 
I do not feel as pessimistic as do some who 
are willing to throw the whole thing over- 
board and forget about it. For the present, 
I am content merely to express the hope 
that in a few worthwhile instances the 
artificial dissemination of disease organ- 
isms under the proper conditions may aid 
in at least the partial or seasonal re- 
duction of certain insect populations. 
Furthermore, I am willing to believe, in 
some cases at least, that while the dis- 
eases may rarely produce a sudden and 
dramatic destruction of insects, neverthe- 
less, once established in an area certain 
diseases may maintain themselves and 
take a small but significant toll of insects 
year after year. It is entirely possible that 
with a better understanding of certain of 
the diseases and with their proper han- 
dling we may be able to obtain inex- 
pensively, a rapid and marked reduction 
of certain insects which cannot be ob- 
tained by any other means. As Roger C. 
Smith has said: “As this method [i.e. 
the use of insect diseases] is so cheap and 
so easy in the hands of mother nature, it 
is to be expected that attempts to master 
it for man’s use, in place of more expen- 
sive and more inconvenient control meas- 
ures, should be made repeatedly.” 

As I see it, the important thing in this 
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whole matter is whether or not we are 
willing to spend the time, money and 
energy necessary to accomplish the re- 
sults of fundamental research in this field. 
If we are not willing to do this, then we 
cannot expect to derive very much prac- 
tical usefulness from it. This, of course, 
applies not only to the field of biological 
control but to the entire subject of insect 
pathology and microbiology even though 
the applications to agriculture, medicine, 
and general biology are already many and 
important. To be a useful member of the 
sciences employed by entomology, insect 
pathology should be recognized as a dis- 
tinct field in its own right. No longer can 
we make substantial progress by the hit- 
and-miss methods of the past. What is ur- 
gently needed is the sympathetic, more, 
and financial support of basic research 
into the various biological relationships 
existing between insects and microorgan- 
isms, and into the many factors concerned 
in the spread of diseases among insects in 
the field. There must also be a systematic 
search for new diseases occurring nat- 
urally among insects and which with the 
proper techniques may be put to practical 
use. We have placed the cart before the 
horse by jumping ahead to obtain as many 
of the practical benefits from the field as 
we could without paying for them in terms 
of good, sound research. The few initial 
investigations have for some time been 
yielding diminishing returns. We must 
now go back and build a scientifically 
firm foundation of fundamental knowl- 
edge to place under the flimsy structure 
which we have on our hands at present. 
Having this foundation, then and only 
then, can we build a structure of broad 
and practical usefulness to man in his ef- 
forts to control the insect pests which 
plague him and his world.—6-19-45. 





Revisions of State quarantines on account of cherry 
fruitflies —The cherry fruitfly quarantine of Cali- 
fornia was revised effective June 17, 1945; those of 
Idaho, May 1, 1945, of Oregon, June 15, 1945; and 
that of Washington, May 23, 1945. The revision of 
the interstate quarantine of California added the 
counties of Nez Perce, Idaho; and Hood River and 
Wasco, Oregon to the infested area and removed the 
County of Whitman, Washington. Revisions cf the 
intra- and interstate quarantines of Idaho added to 
the infested areas the counties of Kootenai and Nez 
Perce, Idaho; and Asotin and Kittitas, Washington; 
and removed the county of Wallowa, Oregon. Revi- 


sions of the intra- and interstate quarantines of 
Oregon added to the infested areas the counties of 
Kootenai and Nez Perce, Idaho; Hood River and 
Wasco, Oregon; and Asotin, Klickitat, and Yakima, 
Washington. The revision of the Washington State 
quarantine added to the infested areas the Counties 
of Kootenai and Nez Perce, Idaho; Hood River, 
Union, and Wasco, Oregon; Klickitat, Skamania, 
and Spokane, Washington, and parts of the Counties 
of Asotin and Yakima, Washington. The Wash- 
ington State revision also removed from the infested 
area the counties of Coos and Malheur in the State 


of Oregon. 





SCIENTIFIC NOTES 
The Bloodsucking Habits and Growth _ staeckeri and the table on the average length of each 


of Nymphs of Triatoma gerstaeckeri 


Db. C, Tuurman, Jr., Texas State Health Department, 
Austin 

Experiments were conducted by the author in an 
effort to obtain information about the growth of 
nymphs of Triatoma gerstaeckeri and facts concern- 
ing the amount of blood taken by these nymphs in 
each instar. 

It was decided that bugs would be allowed to molt 
and at the first feeding following the molt the weight 
recorded before and after feeding. A random sample 
of these freshly molted bugs was weighed, allowed to 
take blood from a rabbit and reweighed to obtain 
the weight of the blood engorged. 

Each bug was isolated in a small glass vial with a 
folded piece of filter paper inside the vial to absorb 
excess moisture and fecal material and to provide 
a place for the bug to crawl. In order to weigh the 
bugs, a vial just large enough to hold a single insect 
was used. The weight of this vial was carefully 
checked at numerous times during each series of 
weighings and any change in the weight of the vial 
taken into account in computing the gain in weight 
of each bug. 

Average Gains.—In table 1 the column entitled 
“Amount of Blood Taken” is the average gain in 
weight of the bugs represented in milligrams of blood 
at the first feeding following hatching (first instar), 
or the first feeding following moulting in the remain- 
ing instars. The column entitled “Per cent Gain” is 
obtained by dividing the amount of blood taken by 
the weight of the unfed bug. The “Per cent Blood in 
Fed Bug” is obtained by dividing the amount of 
blood taken by the weight of the bug after feeding. 

By use of the figures in table 1 on the average 
gains in body weight of nymphs of Triatoma ger- 


Table 1.—Blood feedings of Triatoma ger- 
staeckeri nym 








Per 

Weicat Weitcnt Amount CENT 

No. Berore Arrer Per Boop 

In- Bucs Fesp- Feep- Cent 1n Fep 
stak WEIGHED ING ING Gain Bua 


520.00 
341.10 
338.54 
152.41 
204.94 





l 17 78 
2 23 2.53 
3 21 10.17 
$ 22 37.24 94.00 
5 26 93.83 286.13 


4.65 





Table 2.—Highest gains recorded for any one 
bug in each of the five instars during the experi- 
ment.' 








Per 
CENT 
BLoop 
IN Fep 

Bue 


Weicut Weicut Amount 

Berore AFTER OF 
In- Frep- Ferep- Boop 
STAR ING ING TAKEN 


Per 
CENT 
GaIn 





89.13 
86.30 
85.89 
78.34 
78.76 


6.15 

14.50 

00 = 48.10 
-68 75.74 
371.04 292.24 


820.00 
630 .00 
608 . 86 
361.70 
370.86 





! The weights before feeding as recorded in tabie 2 are lower 
than the average weight for bugs in the corresponding instar in 
—_— 1. The weights after feeding are higher in table 2 than 
table 1. 


instar, it is possible to determine the average stadia 
growth per day of T. gerstaeckeri in each instar. 





| 
InsTaR 





Ist | ques 0.089 

2nd Bef 'S 0.305 
Srd 
4th 1.18 

















This daily increase in body weight (in milligrams) is 
as follows: First instar, 0.089; Second instar, 0.305 
third instar, 0.644 and Fourth instar, 1.18.—5-25-45. 





The Biology of Triatoma gerstaeckeri 


D.C. Taurman, Jr.,' Texas State Health Department, 
Austin? 


Laboratory studies were made of the biology and 
bloodsucking habits of Triatoma gerstaeckeri (Stal) 
from June, 1942, through December, 1943. Colonies 
of these insects were kept in 400-ml. beakers contain- 
ing strips of blotting paper folded and placed upright 
in the beakers. The blotting-paper gave the bugs a 
hiding place and absorbed excess moisture and fecal 
material. The beaker was closed by a square of cloth 
drawn tightly across the top and held by a rubber 
band. The bugs were fed on half-to-full-grown rab- 
bits which were shaved and strapped to a board. 
Rubber bands were used to fasten the beakers 
snugly to the rabbits’ backs until the bugs had en- 
gorged. 

The Triatoma used in this study were obtained 
from eggs laid by adults collected in the field in 1942. 
The bugs began their adult life in January, Febru- 
ary, and March, 1943. This colony consisted of 362 
adults in April, 1943. Eggs were collected weekly 
from each beaker. To determine the average number 
of eggs laid by female 7’. gerstaeckeri, males and fe- 
males were confined in beakers in groups of twenty. 
The highest number of eggs was produced by this 
species during the months of May and June. 

The total number of eggs laid during the season, 
April 1 to October 31, 1943, was 34,850. After Oc- 
tober $1, only occasional eggs were laid. The average 
number of eggs per female during the period was 
11.14 in April, 70.14 in May, 63.13 in June, 50.94 in 
July, 15.29 in August, 19.18 in September, and 16.53 
in October. 

The number of eggs per female for the seven 
months period of observation averaged 245.35. As 
some of the females died during the study, a record 
was kept of the number of females studied each 
month. They were as follows: May 181, June 170, 
July 97, August, 92, September 88, October 88. 

Egg production records on two females kept in 
isolation, each with male companion, were taken as 
follows, beginning May 10: 

1. May 86, June 150, July 113, August 45, Sep- 
tember 82, October 26. (Died October 10.) Total 
502 eggs for 152 day period. 


1 Now commissioned Assistant Sanitarian (R), U. S. Public 
Health Service, stationed at Jacksonville, Florida, with the Bu- 
reau of Malaria, Florida State Board of Health. 

2 The author is indebted to Lt. T. McGregor, Sn. C. AUS., 
formerly entomologist for the Texas State Health Department 
Laboratories, for many suggestions which formed the basis of 
this study. 
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2. May 74, June 145, July 90, August 68, Sep- 
tember 23. (Died September 30.) Total 400 eggs for 
132 day period. 

The incubation period of eggs from April through 
September was 15 to 18 days, usually 16. Nymphs 
emerged from the eggs by pushing off the cap on the 
anterior end. After emergence they are very white 
until their exo-skeleton hardens. During this period 
they are easily injured, and the greatest mortality 
occurs in the first days of the first instar. Feeding 
does not begin immediately after hatching, but after 
two or three days the young nymphs become very 
hungry and will try to feed at every opportunity un- 
til they have engorged themselves. 

In studying the nymphai life and the duration of 
the stadia, single nymphs were isolated in glass vials. 
Records were Eept of the feedings and the molts. The 
bugs were reared under conditions of laboratory 
room temperature and humidity which approxi- 
mated the conditions affecting the life cycle of mem- 
bers of this species infesting houses. At 3- to 5-da 
intervals the vials were strapped to the shaved back 
of a rabbit and the bugs allowed to take a blood 
meal. 

The following results were obtained: 


Table 1.—Length of instars of Triatoma. 








Days tn Eacnu Instar 


Ist 2nd 3rd 4th 


Highest record! 33 65 
Average (17) 20 48 60-120 
Lowest record 15 32 








! Highest record and lowest record refers to the longest and 
shortest period recorded for any one bug in any one stage. The 
average was taken of seventeen bugs that successfully reached 
the fifth instar. 

? This figure is an approximation of the limits of the fifth 
stadia m during 1942 on a large number of bugs. 


In nature eggs and first instar nymphs can be 
found in all months except January, Febuary, and 
March. During almost all other months of the year 
there is an overlapping of stages. The whole cycle 
slows during the winter, and growth is slow with 
fewer feedings necessary. The result is that the 
length of the stadia, particularly the fourth and 
fifth, varies according to the season. For example, all 
instars are lengthened during the winter months, but 
in February and March growth accelerates so that 
third, fourth, and fifth instar bugs become adults in 
the early spring and begin laying eggs in April and 
May. 

Hot summer and fall weather apparently length- 
ens the time spent in the last instars though bugs in 
the earlier instars grow well if they are able to obtain 
blood meals frequently. 

It was noted in this study that under what ap- 
peared to be the same conditions, the length of in- 
stars of individual bugs varied considerably. Under 
adverse conditions, the nymphal life is greatly ex- 
tended. 

The life of the adults varied from six to eleven 
months in the laboratory. A few have been kept as 
long as a year. Whether or not females may lay fer- 
tile eggs through two seasons was not determined. 

Distribution: in an unpublished paper read 
before the Texas Entomological Society in 1941, Me- 
Gregor (1941)' stated that Triatoma infected with 


{Unpublished paper. 
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the organism of Chagas’ disease had been taken from 
17 Texas counties. Triatoma gerstaeckeri has been 
collected as far east as Brazos County and as far 
north as Williamson. It has been found along the 
Gulf Coast and in the Rio Grande Valley. Readio 
(1927) gives Texas and Mexico as its distribution, 
Records at the Texas State Health Department do 
not show this species to be found in counties along 
the Red River or in the Panhandle.—5-25-45. 


LITERATURE CITED 
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Insecticides for Control of the Cotton 
Flea Hopper 


L. C. Firz, A. J. Cuapman, and R. L. McGare,! 
U.S.D.A., Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


Sulfur and a dust mixture of 1:2 calcium arsenate- 
sulfur applied at the rate of 12 to 15 pounds per acre 
at 5-day intervals have been the standard insecti- 
cides for control for the cotton flea hopper, Psallus 
seriatus (Reuter). In experiments conducted in the 
Lower Rio Grande Valley of Texas during 1944, 
these two dusts were compared with 2.5, 5, and 10 
per cent DDT-pyrophyllite, 5 per cent DD'T-sulfur, 
and calcium arsenate in the control of this pest. 

Three series of field-plot tests were conducted. The 
plots were replicated in randomized blocks, four 0.10- 
acre plots in series 1 and 2 at Raymondville, and 
three 0.20-acre plots in series 3 at Brownsville. 

The DDT was obtained in two forms—a mixture 
of 10 per cent DDT-pyrophyllite which was further 
diluted to the desired strength, and technical DDT 
which was pulverized and mixed with sulfur in a lo- 
cal commercial hammer mill. 

Only one application was made of each insecticide. 
The dusts were applied with a single-nozzle rotary 
hand dust gun early in the morning when the cotton 
was usually damp or wet with dew and the air for the 
most part calm. 

The infestation records were made by counting the 
adults and nymphs present in 100 terminal buds per 
plot at each inspection. Counts were made at inter- 
vals over a maximum period of 16 days. The treat- 
ments, dosages, and infestation records are given in 
table 1. 

All treatments containing DDT reduced the popu- 
lations below 20 flea hoppers per 100 terminal buds 
within 4 to 6 days, and were more effective than the 
1:2 calcium arsenate-sulfur mixture, sulfur alone, or 
calcium arsenate. Calcium arsenate added to 5 per 
cent of DDT in pyrophyllite did not increase its ef- 
fectiveness. Although there was considerable reduc- 
tion in the infestation within 24 hours, in all but one 
of the DDT treatments the maximum reduction oc- 
curred 4 to 6 days after dusting. In series 1 the 
nymphal population in both DDT treatments re- 
mained significantly lower than in the checks for 16 
days after dusting, while the population in the sulfur 
treatment increased about the same as in the check. 
DDT was effective against the adults for at least 9 to 


! The authors were assisted in the field by Ivan Shiller, O. L. 
Walton, and C. A. Richmond. Thanks are due Corinne Baker for 
assistance in the preparation of the manuscript. : 
2In cooperation with the Texas Agricultural Experiment 


Station 
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Table 1.—Flea hopper infestation in small plots of cotton following one application of various insec- 


ticides. Texas, 1944, 








Number or Fie Hoppers per 100 Terminat Bups Berore anp Arter Dustine 








Dosace, 


Pounps Before 


rE: 
TREATMENT Acre Adults Nymphs 


Day after 





4-6 Daysafter 9-13 Daysafter 16 Days after 








Series 1 


DDT-pyrophyllite: 
2.5% 12.3 33 15 
9% ‘ 29 7 

Sulfur 12.5 $1 29 

Check no treatment 28 3$ 29 
Minimum significant differ- 

ence, 5% level — 


5°, DDT-sulfur , 28 
5°. DDT-pyrophyllite : 29 
Calcium arsenate-sulfur (1:2) ¥ 31 
Check, no treatment 2 
Minimum significant differ- 
ence, 5% level 


15 56 

3 F 42 
34 73 
52 80 


12 18 
11 
2 
31 
41 


12 


Series 3 


DDT-pyrophyllite: 
2.5% 


Calcium arsenate plus: 
DDT-pyrophyllite (40: 5:55) 
Sulfur (1:2 

Sulfur 

Calcium arsenate 

Check, no treatment 
Minimum significant differ- 

ence, 5% level 





13 days. Although the 5 per cent DDT-pyrophyllite 
gave somewhat better control than the 2.5 per cent 
strength, the data indicate that 2.5 per cent DDT 
applied at the rate of 12 to 15 pounds per acre would 
be sufficient and more effective than sulfur or the 1:2 
calcium arsenate-sulfur mixture. Further experi- 
ments are needed, however, to determine the best 
dosage and interval of application and the most de- 
sirable diluents.—3-30-45. 


Effect of Ferric Dimethyl Dithiocar- 
bamate on Emergence of Tobacco 
Flea Beetles from Plant-Bed Soil 


J. U. Gumore and Ciemence Levin, U.S.D.A.,, 
Agr. Res. Adm., Bureau of Entomology and Plant 
Quarantine, and T. E. Smiru, Bureau of Plant 
Industry, Soils and Agricultural Engineering 


Gilmore & Levin (1944) have shown that the to- 
bacco flea beetles, Epitrix hirtipennis Melsh., at- 
tacking recently transplanted tobacco are probably 
reared in the tobacco plant beds. On the basis of 
their figures enough first-brood beetles emerged 
from the soil on 100 square yards of open plant be 
from May to July, inclusive, to supply a population 
of 71 beetles per plant on an acre of tobacco. Since 
beetles of this brood usually begin migrating to the 
field 1 to 3 weeks after the tobacco is transplanted, 
and thus injure the plants at one of the most sensi- 
tive stages of growth, methods of reducing the ini- 
tial populations of flea beetles are of much interest. 

Attention has been called to the possible insecti- 
cidal value of derivatives of dithiocarbamic acid. 
Ferric dimethyl dithiocarbamate has been demon- 
strated to be an effective fungicide for blue mold, 
Peronospora tabacina Adam, by Anderson (1942) and 
others. Guy (1937) found this material to be highly 


effective for inhibiting the feeding of Mexican bean 
beetles, Epilachna varivestis Muls., and Japanese 
beetles, Popillia japonica Newm. This was later 
confirmed by Tisdale & Flenner (1942). It is the 
purpose of this note to report the effect of this ma- 
terial on tobacco flea bettle populations in tobacco 
plant beds. 


Table 1.—Emergence of tobacco flea beetles 
from soil of a tobacco plant bed sprayed with 
ferric dimethyl dithiocarbamate alone and in 
combination with calcium arsenate. 








Beet Les Emerc- 
ING From 1 
Square Foor 

or Sor. TO 


1943 1944 


Repvuction Due 
[TREATMENT 


TREATMENT 1943 


Number Number Per Cent Per Cent 
0 


Check (untreated) 73 106 0 
Ferric dimethy! dithiocar- 

bamate 39 19 47 82 
Ferric dimethy] dithiocar- 

bamate plus calcium ar- 

senate 12 S4 96 
Difference required for sig- 

nificance (odds 19:1) 19 





The experimental work was conducted at Oxford, 
N. C., during 1948 and 1944 on replicated plots of 
approximately 5 square yards in tobacco plant beds 
to develop a combination spray for the control of 
blue mold and flea beetles. There were four replicates 
in 1943 and three in 1944 in randomized blocks. 
Semi-weekly applications were made by means of a 
small-type power sprayer at a pressure of 125 to 
150 pounds per square inch, as commonly recom- 
mended for the control of blue mold. All plots were 
uniformly inoculated with a viable suspension of 
conidiospores of the blue mold fungus to assure uni- 
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form distribution of inoculum. One plot was sprayed 
with ferric dimethyl dithiocarbamate at the rate of 
2 pounds per 100 gallons of water. For another plot 
calcium arsenate at the rate of 4 pounds 100 gal- 
lons was added to the ferric dimethyl dithiocar- 
bamate spray. A third plot was untreated. In the 
latter part of May, prior to maturity of the beetle, 
three cloth cages, each covering 1 square foot of soil 
surface, were placed in the plots. On alternate days 
records were made of flea beetle emergence into these 
cages, and the beetles were removed during each 
examination. 

The data on flea beetle emergence (Table 1) are 
in agreement for both years, although the reduction 
was greater in 1944 than in 1943. Ferric dimethyl 
dithiocarbamate alone significantly reduced the in- 
festation, but when calcium arsenate was added 
greater reductions were obtained. Both spray mix- 
tures gave highly effective control of blue mold. In 
transplanting trials, measurement data showed that, 
although the seedlings sprayed with the ferric 
dimethyl dithiocarbamate-calcium arsenate mixture 
at first tended to grow more slowly than those 
sprayed with the fungicide alone, there were no sig- 
nificant differences in growth 2 months after trans- 
planting. 

The appreciable reductions in flea beetle popula- 
tions in plant beds by ferric dimethyl dithiocar- 
bamate suggest that this is a promising material for 
use in combination with a more toxic insecticide for 
dual control of the flea beetle and blue mold.— 
7-15-45. 
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DDT for Control of the Grape Bud 
Beetle 


Water Eseuina, University of California Citrus 
Experiment Station, Riverside, California 
The grape bud beetle, Glyptoscelis squamulata 
Crotch (family Chrysomelidae), is a serious pest on 
grapes in the Coachella Valley, California, where it 
feeds on the opening buds calle in the spring (Ebel- 


ing 1939). The habit of the beetle that makes it 
susceptible to treatment with DDT is its diurnal 
migration from beneath the loose bark of the trunk 


of the vine, where it hides during the day, to the 
canes of the vine where it feeds at night. 1 DDT i is 
applied to the trunk and the stake that is driven into 
the ground near the trunk in the case of trellised 
vines, the beetles absorb enough DDT in their 
diurnal migrations to result in their paralysis and 
eventual death. The broad, typically chrysomelid 
tarsi of the beetles, offer a large absorptive surface 
and are probably a factor greatly favoring control 
with DDT. 

The following materials were used in each of six 
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vent DDT) at 5 


AK-20 (20 
lons of water, DDT 


10 ype to 100 

ved ta kerosene at a concentration of 4 grams 

00 ml. call this solution used at 5 per cent dos- 

aon dusts containing 5 per cent and 10 per cent 
DDT, with tale as the diluent. Casein spreader at 
4 ounces to 100 gallons was used in all the sprays and 
the entire vine and stake were sprayed, using a large 
orchard pews oes sprayer. The dusts were applied wit} 
a knapsack duster and were directed only at the 
trunks and stakes. About 0.8 gallon of spray was 
applied per vine in each treatment and 0.1 pound of 

dust. There are usually about 450 vines per acre. 

During the months of February and March 1945, 
both the sprays and dusts were applied once in 
some plots and twice in others. There was a 12-day 
interval between the dusts and a 21-day interval 
between the sprays. Also in a few tests the sprays 
or dusts were applied only to one side of the vine. 

A count of several thousand buds in each plot in 
six vineyards in which the DDT treatments were 
applied showed, in all cases in which the treatments 
were made before the beetles were able to cause any 
injury, a highly satisfactory control, whatever the 
form of treatment. Even the single treatments were 
highly satisfactory although they were applied 
about two weeks earlier than what proved to be 
necessary and were followed by two rainstorms 
which removed much of the DDT. 

In a vineyard in which 90 per cent of the buds 
were destro. “or FF on the untreated vines, a single 
treatment of 5 per cent dust resulted in such good 
protection of the buds that only 1.7 per cent were 
eaten by the beetles. The single spray treatments 
were no more effective than the dust even though the 
entire vine was covered with the spray. The treat- 
ments with two dusts or two sprays resulted in 
practically complete protection of the buds.—7-3-45. 
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Flea Collections at Army Installations 
in the Fourth Service Command 


Sranutey J. Carpenter,' Roy W. CHamMBer.at,? 
and Rosemary Baker,* Fourth Service Command 
Medical Laboratory, Fort McPherson, Georgia 


Numerous collections of fleas have been made by 
Army personnel in the Fourth Service Command 
during 1943, 1944 and 1945. All specimens were for- 
warded to the Fourth Service Command Medical 
Laboratory for identification. The states comprising 
the Fourth Service Command are Alabama, Florida, 
Georgia, Mississippi, North Carolina, South Caro- 
lina and Tennessee. 

The collections are a “ pes 1. The 
followi es - represented in the collections: 
eum line ok Curtis), C. felis sesame 
Echidnophaga po tn (Westwood), 
segnis (Schonherr), Pulex trritons Linnaeus, = 
alo psyllus gwyni C. Fox Xenopsylla cheopis (Roths- 
child). Altogether, 506 specimens, representing 
22 localities are included.—8-11-45. 


1 Maj tary Corps, Army of The United States. 
2 2n —, Sanitary ‘aint Army of The United States. 
2SP-4, Medical Technician 
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Table 1.—Flea collections at army installations in the fourth service command. 








NUMBER OF 
SPECIMENS 





DATE OF 
SPECIES LocaLity COLLECTION o' Q 








Ctenocephalides canis MIssIssiPPt 

Hattiesburg 15 May 1944 

Ctenocephalides felis ALABAMA 
Ozark 7 Sept. 1944 

FLorRIDA 
Boca Raton May 1944 
Carrabelle Apr. 1944 
Panama City May 1944 
May 1944 
May 1944 
Starke Mar. 1944 
Tampa June 1944 
Mar. 1945 


~ 
eS 


ee ee 


GEORGIA 

Albany Oct. 1943 

Atlanta 5 June 1944 dog 
May 1945 house 
Aug. 1944 

Columbus Aug. 1944 building 
July 1944 building 
May 1944 house 

Hinesville Oct. 1944 

Macon Oct. 1944 dog 
Aug. 1944 dog 


4 


owe enart ne 


MISSISSIPPI 
Hattiesburg May 1944 dog 
July 1944 


“n= 


Nortu CAROLINA 
Goldsboro Oct. 1944 

Souts CAROLINA 
Myrtle Beach May 1945 
May 1945 

Echidnophaga gallinacea’ ALABAMA 

Ozark Apr. 1944 
Oct. 1944 
Feb. 1945 
Mar. 1945 
June 1945 
May 1945 
Mar. 1945 
Mar. 1945 
Mar. 1945 


~~ eo eR Oe 2 


FLORIDA 
Panama City May 1944 
3 May 1944 


Ke 


GEORGIA 
Bainbridge Sept. 1943 
Nortu CAROLINA 
Fayetteville Sept. 1944 
Soutn CAROLINA 
Charleston Oct. 1944 
25 Apr. 1944 
Myrtle Beach Nov. 1944 


Leptopsylla segnis ALABAMA 
Ozark May 1945 
May 1945 
Mar. 1945 
Mar. 1945 
Mar. 1945 
Mar. 1945 
Mar. 1945 
Feb. 1945 
Feb. 1945 


ee ee 


Soutn CAROLINA 
Charleston Feb. 1944 


a 
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Table 1.—Continued 











NUMBER OF 
SPECIMENS 
Date or —_______ 
COLLECTION 


SPECIES 


LocaLitTy 


FLORIDA 
Starke 
Mississippi 
Hattiesburg 
FLORIDA 
Tampa 
ALABAMA 
Daleville 


Puler irritans 


20 Mar. 1944 house 


May 1944 dog 


Rhopalopsyllus gwyni 


a) 


May 1945 


Nenopsylla cheopis 
1944 
1944 
1944 
1944 
1944 
1944 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1945 
1944 


Aug. 
Aug. 
Ang. 
Se pt. 
Sept. 
Oct. 
June 
May 
May 
3 Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Feb. 
Feb. 
July 


May 


Ozark 


ee Oe et 
a ee 1 


ee ne 


_ 


Selma 
FLORIDA 
Tampa 
GEORGIA 
Atlanta 
Bainbridge 
SOutH CAROLINA 
Charleston 


we 


1945 


> 


1943 
1943 


Sept. 
Sept. 


ae 


1944 
1944 
1944 
1944 
1944 
1944 
1944 
1944 
1944 


Apr. 
May 
Aug. 
Aug. 
Aug. 
Sept. 
Oct. 
Oct. 


ee ee ee | 





water-emulsifying solution was recommended by the 


Control of Housefly Breeding in io) 
manufacturer as a larvicide. A sample of the mate- 


Partly Digested Sewage Sludge 


Tueopore A. Otson' and Reynoitp G. Daums,? 
Eighth Service Command Laboratory, 
Fort Sam Houston, Texas 


Sewage plants operating under optimum condi- 
tions experience no difficulty with respect to the 
breeding of the housefly, Musca domestica, in the 
sewage sludge. However, under certain unfavorable 
operating conditions it frequently becomes necessary 
to withdraw sludge before it has been completely 
digested. This type of sludge which is often referred 
to as “green sludge” will not dewater readily and 
offers an ideal environment for housefly breeding. 
When a problem of this kind occurred in one of the 
Eighth Service Command installations, a rotenone 


1 Major, Sanitary Corps, A.U.S. . 
‘Ist Lieutenant, Sanitary Corps, A.U.S. 


rial was sent to this laboratory for the purpose of 
testing its comparative efficiency. 

Sludge used in this experiment consisted of equal 
parts of freshly drawn, completely digested sludge 
and “green sludge.” Inasmuch as this material was 
too high in moisture content, it was dewatered by 
suspending it in a cloth bag overnight. The sludge 
was then divided into 24 equal portions of approxi- 
mately 256 ml. each and put in glass jars. Maggots 
used in these tests were reared in an artificial me- 
dium consisting of 1 part ground whole oats, 2 parts 
ground alfalfa and 5 parts of wheat bran moistened 
with a solution made up of 1 teaspoonful each of 
dried yeast and Maltine® in 1 liter of water. One 
hundred healthy, third instar larvae produced in 
this medium were placed in each jar of sludge. The 


3 Maltine, plain—A concentrated extract of malted barley and 
of wheat and oats. Maltine Company, New York. 
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Table 1.—Emergence of housefly larvae from 
cides. 


‘‘ereen” sewage sludge treated with various larvi- 








NUMBER 
Per CENT PupaTED 
Emercence’ Bur Nor 


LARVICIDE LARVICIDE BASED ON EMERGED 
APPLIED PER APPLIED PER 100 LARVAE From 
TREATMENT 100 Sq. Fr. Cupstc Foor PER TEST PuparRIUuM 


Control stirred 
Control strirred 
Control not stirred 
Control not stirred 


Average for Controls 


30% Borax Solution stirred 
30% Borax Solution stirred 

30% Borax Solution not stirred 
30% Borax Solution not stirred 


Average for Borax 


10% DDT dust stirred 
10% DDT dust stirred 
10% DDT dust not stirred 
10% DDT dust not stirred 
Average for DDT Dust 
0.25% DDT emulsion stirred 
0.25% DDT emulsion stirred 
0.25% DDT emulsion not stirred 
0.25% DDT emulsion not stirred 


Average for DDT emulsion 


2 
2 
2 
9 
2 
2 


0.05% rotenone emulsion stirred 
0.05% rotenone emulsion stirred 
0.05% rotenone emulsion not stirred 
0.05% rotenone emulsion not stirred 


Average for rotenone emulsion 


Kerosene stirred 
Kerosene stirred 
Kerosene not stirred 
Kerosene not stirred 


Average for Kerosene 


9) © Owe | 


© © © 


9 
8 
92 


.93 gal. 

.93 gal. 0.15 gal. 

.93 gal. 0.15 gal. 
0.15 gal. 


0.15 gal. 


0.75 Ibs. 
0.75 lbs. 
0.75 lbs. 
0.75 Ibs. 

77 Ibs. 0.75 lbs. 

.93 gal. 0.15 gal. 

.93 gal. 0.15 gal. 

.93 gal. 0.15 gal. 

.93 gal. 0.15 gal. 

.93 gal. 0.15 gal. 

.93 gal. 0.15 gal. 

.93 gal. 0.15 gal. 

.93 gal. 0.15 gal. 

93 gal. 0.15 gal. 

.93 gal. .15 gal. 

93 gal. .15 gal. 

93 gal. 15 gal. 

93 gal. .15 gal. 

.93 gal. .15 gal. 


2.93 gal. 





' Flies which emerged died within two hours. 


larvae were then allowed a 5-hour period to adjust 
themselves to the new environment before the larvi- 
cides were applied. 

The 24 jars were divided into six groups of four each; 
five groups were treated with the larvicides; those 
remaining constituted the control. Inasmuch as un- 
der actual field conditions a crust is usually formed 
over this type of sludge, it was believed that mere 
surface application might not be effective and that a 
thorough mixing of the larvicide with the sludge 
might be needed. Therefore, the larvicides were 
thoroughly stirred into the sludge of half of the jars 
while it was simply applied to the surface in the 
remainder. The controls were treated similarly ex- 
cept that no larvicide was added. 

Because they were readily available to Army in- 
stallations, the following larvicides were selected for 
comparison with the submitted rotenone sample: 


borax, DDT emulsion, DDT dust and kerosene, 
Twenty Mule Team Borax was applied as a 30 per 
cent solution (by weight). The DDT emulsion was 
prepared by adding 5 parts of 5 per cent DDT in 
kerosene to 10 parts of Triton 770 and 85 parts of 
water. The DDT dust was the standard larvicide 
powder which is composed of 10 per cent DDT and 
90 per cent tale. The final rotenone emulsion was 
made by adding 5 parts of the 1 per cent concentrate 
to 95 parts of water in accordance with the manufac- 
turer’s recommendation. 

The results obtained with these tests and given in 
table 1 idicated that the rotenone and DDT emul- 
sions had very little larvicidal value. However, a 
100 per cent kill was obtained with both borax and 
kerosene. It may be noted further that although 
DDT dust was only moderately effective as a larvi- 
cide, it may be expected to accomplish the control 
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Table 2.—Emergence of housefly larvae from alfalfa-bran-yeast culture medium treated with 
relatively low concentration of 10 per cent DDT dust. 








LARVICILE 
PER CuBIc 
Foor 


LARVICIDE 
PER 100 


TREATMENT 


Fires 
ALIvE 
2 Hours 
AFTER 
EMERGENCE 


FLIes THAT 
PupaTEeD 
Bur Dip 

Nor 
EMERGE 


Tora. 
LARVAE 
Usep 


Fires 
EMERGED 








97 lbs 0.05 Ibs. 
1.94 lbs. 0.10 Ibs. 


Control 
10% DDT dust 
10% DDT dust 


4.7 all 
44.7 none 
70.2 none 





desired. This statement is based on the fact that 
most of the pupae produced failed to emerge and 
that the few adults that did emerge were dead within 
2 hours. 

In view of the popularity of DDT, an additional 
check of the larvicidal value of this material was 
made under slightly different circumstances, using 
much lower concentrations of the dust. Since a com- 
parable sludge was not available for this check, the 
test was made on maggots in the bran-alfalfa-yeast 
culture medium referred to in the description of 
methods, and routinely used in rearing. Although 
this material is not an exact duplication of the 
sludge, it has many similar physical characteristics. 
The results obtained are tabulated in table 2. Al- 
though the lower concentrations of DDT dust used 
here did not prevent pupation and some emergence 
of the flies, they did accomplish ultimate control in 
that the adults which emerged died within 2 hours. 

The data presented indicate that a rotenone emul- 
sion used as recommended by the manufacturer did 
not control housefly breeding in sewage sludge as 
well as borax, kerosene or DDT dust. DDT emul- 
sion at the strength used was no better than the 
control. Additional data show that the application 
of 10 per cent DDT dust may be reduced from 
approximately 15 lbs. to 1 Ib. per 100 sq. ft. if ulti- 
mate control rather than prevention of emergence is 
considered adequate.—9-7-45. 


Thanite as a Control for Ants 


Rapa H. Surra, University of California 
at Los Angeles 


In December, 1944, Dr. Hosmer W. Stone, Asso- 
ciate Professor of Chemistry, University of Califor- 
nia at Los Angeles, told me of a casual observation 
he had made with Thane in the control of ants. He 
sprayed an ant nest with undiluted Thanite and 
found it was highly effective in killing all ants that 
appeared for a considerable period following the 
application. Pursuant to the clew as to the possible 
mo of Thanite in ant control, I have made numer- 
ous simple tests and the results indicate this material 
may serve a useful purpose in controlling ants of the 
type that invade houses and are a nuisance on home 


grounds. 

The possible value of Thanite is indicated by the 
following observations: A bit of cotton wrapped to 
the end of a toothpick was dipped in Thanite and the 
excess liquid removed by smearing the end of the 
toothpick against the neck of the bottle. The end of 
the toothpick was then drawn across the path of the 
ants, depositing a very thin smear of Thanite about 
one-eighth inch wide. Sometimes the hole through 


which the ants entered the kitchen was circled and 
sometimes an L-shaped or maze-like line was made 
across their trail. The ants stopped suddenly at the 
line and turned back, or raced back and forth alo 
the line. It appeared, however, that eventually all of 
them, in their distraction or bewilderment, got some 
of the material on a foot or antenna. Those observed 
to touch the line became markedly affected, ex- 
hibited paralytic effects and died after a few hours, 
In many tests made, hundreds of dead ants were 
found the following morning and the invasion of ants 
had completely disappeared. Undiluted Thanite 
atomized on nests of the Argentine ant, Iridomyrmer 
humilis Mayr., resulted in eliminating all ants fora 
— of several days. Invasions of ants into houses 

ve invariably been stopped immediately by the 
atomizer method of application. The ants are mark- 
edly affected by the odor of the Thanite but lethal 
action seems to result primarily from the direct 
contact of the material with the feet or antennae. 

Thanite is a product of the Hercules Powder Com- 
pany, covered by U. S. patent 2,217,611 and is de- 
scri as secondary terpene alcohol thiocynyl 
acetate. A 3 per cent solution of Thanite in highly 
refined kerosene has been in use for several years as 
a spray against household pests such as flies, mos- 
quitoes, bedbugs and silverfish. The killing action 
results from the spray mist that falls directly upon 
the body of the insect.—8-28-45. 





Duplicating Japanese Beetle Injury 
in Field Corn’ 


Becxrorp F. Coon, Pennsylvania State College, 
State College 


Japanese beetles annually invade corn fields in 
southeastern Pennsylvania during July while field 
corn is being pollinated. The destructive habits of 
the beetles co ating on ear silks, feeding thereon 
and cutting the silks down to the husk, prevent pol- 
lination to varying degrees. If silks are kept sheared 
off during en flow, fertilization will not be ac- 
complished, or if it is, only sparsely, presenting an 
ap nce as shown in figure 1. 

here is some question as to typical Japanese 
beetle injury in field corn. Other types of injury such 
as drought may tend to cause similar injury appear- 
ance. In order that such injury could be more nearly 
evaluated, hybrid C-88 was used in an effort to du- 
plicate Japanese beetle feeding by cutting silks at 
periodic intervals after pollination. ; 

In all cases, developing ears were covered with 


1 Authorized for publication on March 29, 1945, as paper No. 
1278 in the Jounal Series of the Pennsylvania Agricultural Ex- 
periment Station. 
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Fic. 1 (above).—Injury resulting in field corn 
through lack of fertilization when silks cut off 6 
hours after pollination. 
Middle.—Injury resulting in field corn when silks 
are cut off 7 hours after pollination. 
Below.—Injury resulting in field corn when silks 
cut off from (left to right) 12 hours, 24 hours, 36 
hours and 48 hours after pollination. 


glassine bags before silks appeared. When the silks 
were numerous and receptive, each ear was arti- 
ficially pollinated by pouring collected C-88 pollen 
over the silks and immediately re-covering the ear 
with the glassine bag. At periods ranging from 6 to 
48 hours after pollination, the glassines were re- 
moved and the silks plus an inch of husk were cut off 
with a clean knife. This duplicated the injury of the 
Japanese beetles and was as severe as any usually 
found in the field. 

\ clean glassine was then placed over the treated 
ear and further protected till harvest by a paper pol- 
linating bag. 

Figure 1 (above) shows the results obtained when 
silks were cut 6 hours after pollination. In this case 
fertilization was spotty and simulated typical beetle 
injury as found in the field. The abnormal rounded 
kernels are typical in a sparsely fertilized ear. 
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Figure 1 (middle) shows the results when silks 
were cut 7 hours after pollination. With only one 
additional hours’ fertilizatilon time, the ears were 
well fertilized. Some injury similar to typical beetle 
injury appeared at the ear tip and base. 

In figure 1 (below), are shown ears in which silks 
were cut at periods of 12 to 48 hours. In all four 
cases, fertilization was very good. The ears were well 
filled out with the exception of the tips. This injury 
was also apparent in check ears and cannot be con- 
sidered as caused by Japanese beetles. This injury 
is normally found in corn grown out of beetle areas. 

This preliminary work has shown that typical 
Japanese beetle injury can be duplicated artificially. 
The point of perhaps greatest interest is the time fac- 
tor involved. With C-88, heavy injury resulted when 
silks were removed within six hours after pollination, 
and only light injury resulted after 7 hours. Injury 
after 12 hours was not apparent, and the ears could 
not be distinguished from check ears. This tends to 
indicate that Japanese beetles must remove silks 
from ears within 6 to 7 hours after pollination to 
cause injury.—4-4-45. 


Factors Inducing Diapause in the 
Oriental Fruit Moth 


R. C. Dickson and Ear Sanpers, University of 
California Citrus Experiment Station, Riverside 


While growing the Oriental fruit moth Grapholitha 
molesta (Busck.), for experimental purposes in small 
green apples in the laboratory during the winter of 
1943-1944, we encountered the difficulty of having 
a high percentage of the larvae go into diapause even 
though grown at 80° F. Many experiments were con- 
ducted to study the various factors that might in- 
fluence diapause in this insect. These showed that 
whether or not the Oriental fruit moth goes into a 
diapause is determined by: 

1. The number of hours of light per day during 
the larval feeding period. 

2. The temperature during the larval feeding and 
prepupal periods. 

The effect of light as shown in two experiments is 
presented in table 1. As is shown, the percentage of 


Table 1.—The percentage of diapause induced 
in Oriental fruit moth larvae wn at 70° and 
80° F. by various numbers of hours of light per 
day. All larvae were grown in green apples and 
held at 70° F. after emergence. 








Tew. 
Dageses 


Hours Lieut (25 Foor Canpies) rer Dar 


12 15 24 





0 6 9 18 





Per cent of larvae entering diapause 





2.8 
5.2 


4.5 
0.0 


1 94.4 


61.5 


100. 98.0 


14.3 
80.9 92.6 1.1 


5.2 
0.8 





larvae going into diapause increases with the in- 
creasing number of hours of light per day up to 
about 12 hours but decreases abruptly to almost 
none at 15 hours or more of light per day. This low 
percentage of diapause under conditions of long 
hours of light per day agrees with the work of Baker 
(1935) on tree-hole mosquitoes. In the case of the 
Oriental fruit moth light operates throughout the 
larval feeding period, the effect being cumulative 
with apparently no critical point during the period. 





606 


This reaction to light agrees with field experience 
since the Oriental fruit moth enters hibernation 
during the late summer and fall, often while the 
weather is still warm. 

Low temperatures during the larval feeding and 
prepupal periods increase the percentage of dia- 
pause. 

By the use of this information large numbers of 
the Oriental fruit moth were grown very satisfac- 
torily in the laboratory through the winter of 1944- 
1945. Two 200-watt tungsten-filament electric 
lamps were kept burning continuously in the room 
where the larvae were feeding and the temperature 
was kept at 76 to 80 degrees F. Under these condi- 
tions there was no appreciable amount of diapause. 

This preliminary note is published in hope that it 
may be of value in the laboratory rearing of this and 
similar insects and because the importance of other 
work may delay the completion of the study.— 
7-15-45. 

LiTeRATURE Crrep 


Baker, F. C. 1935. The effect of photoperiodism 
on resting, treehole, mosquito larvae. 
Canadian Entomologist 67(7): 149-53. 


DDT and Bedbugs in Chicken Houses 
Water M. Kvtasa! and J. Myron Maxwewi? 


DDT (dichloro-diphenyl-trichloroethane) has al- 
ready been reported as an effective control for bed- 
bugs (Madden et al., 1944). Preliminary reports 
indicate that DDT not only has a high degree of 
toxicity to bedbugs but also that it is a good residual 
insecticide. In the poultry house, DDT has been 
used for the control of larval and adult flies (Wolfen- 
barger & Hoffman 1944). 

In the early spring of 1945, a severe infestation of 
bedbugs in chicken houses was located on a farm near 
Raleigh. The bedbugs have been identified by Mr. 
H. S. Barbour and C. F. W. Musebeck of the 
U.S.N.M. as Cimer lectularius L. Three of the 
chicken houses have been .n use continuously for 
over fifteen years and have had bedbugs in them 
most of these years. At the time of treatment each 
of these three houses contained about three hundred 
chickens. The other two houses have not been used 
for the past six months, but nevertheless, are heavily 
infested with bedbugs. Four of these houses were 
treated and shortly after treatment one of the un- 
used houses was again occupied by fifteen chickens. 

Prior to treatment, the “pine straw” nesting ma- 
terial from one of the next boxes was removed for 
examination. A count of live bedbugs in this mate- 
rial (which lined a typical nest box 12 126 inches 
to a depth of 2 inches) showed that there were 380 
bedbugs present. Most of the bugs were in the 
nymphal stage. 

The houses were treated with a 5-per cent kero- 
sene solution of DDT on April 3. Nest boxes in three 
of the houses were cleaned out and the contents 
burned before they were treated. In these three 
houses the nest boxes, of wooden sides and bottom, 
were arranged in a row underneath a dropping 
board 3 feet above the floor of the house. Roost poles 
2 inches in diameter were suspended 16 inches 
above the dropping board. 


! Assistant Entomologist, N. C. Agricultural Experiment Sta- 
tion, Raleigh. 

? In charge, Entomology Extension, N. C. Extension Service 
Raleigh. 
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The liquid solution of DDT was applied to the 
side and back walls, the roosts, the dropping board, 
nest boxes, and the uncovered portions of the feed 
boxes. Chickens were driven to one corner of the 
house while the unoccupied portion was sprayed, 
The material was applied with a barrel-t pump 
and enough of the liquid was used in order to wet 
the surface of the area being treated without any 
run off on vertical surfaces. 

In the fourth chicken house, nest boxes were of 
the same size as in the other three, but of different 
constructions, the bottom being made of 1-inch mesh 
wire instead of being a solid wooden bottom. The 
nesting material in these boxes was not removed 
but was treated along with the nest box itself. 

One month after treatment an examination of 20 
nest boxes in the treated houses revealed the pres- 
ence of one nymphal and two adult live bedbugs, 
Two months after treatment no live bedbugs, 
nymphs or adults, were found although there were 
indication that some bedbugs had been recently 
killed. A thorough laboratory examination of the 
contents of one nest box showed only one dead bed- 
bug nymph. Control of bedbugs was excellent in the 
house with wire bottom nest boxes in which the 
nesting material was not removed at time of treat- 
ment. No live bedbugs have been found here to date. 

The efficiency of the DDT treatment far surpasses 
that of any previous treatment with other materials 
that the owner has tried. The best of the former 
treatments (waste motor oil which was applied much 
more thoroughly than the DDT) had resulted in 
only a temporary reduction of the bedbug popula- 
tion. Treatment with carbolic acid and kerosene has 
given about the same degree of control as the waste 
motor oil. 

DDT, as used in this test, has had no detrimental 
effect on the chickens. Since the time of treatment a 
number of mice have been found dead or dying. This 
can probably be ascribed to the presence of DDT 
for no dead or dying mice were observed before the 
time of DDT treatment, or after any of the other 
previous treatments. The adults of the dark meal- 
worm, Tenebrio obscurus Fabricius, were present in 
considerable abundance in the feed room before 
DDT was applied. However, the DDT treatment 
has been very effective in killing them. 

SummMary.—5-per cent DDT dissolved in kerosene 
has proved an excellent control for bedbugs in 
chicken houses. In three houses the back and side 
walls, roost, wooden nest boxes, with nesting mate- 
rial cleaned out previous to treatment, and the ex- 
posed portions of feed boxes were treated. In the 
fourth house, the nesting material contained in wire 
bottom nesting boxes was not removed before treat- 
ment. Two months after treatment no live adult or 
nymphal bedbugs have been found in any of the 
treated houses.—7-14-45. 
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The Effect on the Fingers of the Poison 
of Formica exsectoides 


Euizanetu E. Havitanp, College Park, Md. 


During the handling of Formica exsectoides Forel 
in the winter months the skin of the tips of the fin- 
gers, especially under the nails of thumb and first 
finger, becomes hardened. After a few days the skin 
loosens and peels off. If there are abrasions on the 
skin, the poison produces a burning sensation simi- 
lar to that caused by many acids. 

In the spring during one day some 1200 workers 
were picked up singly or a few at a time. The han- 
dling was done mostly with the thumb and first 
finger. The ants ejected their poison quickly and 
freely. The reaction on the skin was much more se- 
vere than it had been during the winter. The skin of 
the thumb and first finger soon became yellowish 
brown in color. The skin was stiff and the ends of the 
digits were numb. Although there were no breaks in 
the skin the area around the nails became painful. 
After about 3 hours of almost constant picking up 
the ants, the thumb and first finger ached severely. 
The hands had been rinsed in water at intervals 
during this time and later were washed with soap 
but the ends of the fingers remained discolored and 
the tips painful. 

Gradually the pain subsided when the fingers 
were at rest. For 5 hours any pressure such as hold- 
ing a pencil, produced pain. The next day the thumb 
and first finger felt bruised and were tender although 
not painful when not in use. One millimeter below 
the line where nail and skin join at the tip of the 
finger an irregular purple line had developed. This 
line took 18 days to disappear. On the fifth day the 
skin on the end of the thumb and first finger came 
loose in blister-like patches. The next day the loos 
ened skin sloughed off in pieces. Purple spots were 
noticeable under the edge of the nail. By the seventh 
day the skin on the ends of these digits had entirely 
peeled off to the norme| skin. 

The poison of F. exsectoides is produced and 
stored in a sac in the posterior dorsal part of the 
gaster and is ejected by the worker as a means of 
defense, for anesthesia or according to Peirson to kill 
seedlings. Frequently the excited worker grasps any 
object with her mandibles ard directs a fine stream 
of the clear liquid poison on the spot being bitten. 
In order to accomplish this she directs her gaster 
forward under the body.—6-5-45. 


DDT and Lead Arsenate Compared for 
Control of the Pecan Nut Casebearer 


C. B. Nicxets and W. C. Prerce, U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology and 
Plant Quarantine 


Field and laboratory tests were conducted in 1944 
to compare DDT (1-trichloro-2,2-bis(p-chloro- 
phenyl)ethane) with lead arsenate when applied as 
sprays for the control of the pecan nut casebearer, 
Acrobasis caryae Grote. For all tests technical DDT 
was mixed with pyrophyllite at the rate of 1.5 pound, 
of each per 100 gallons of spray. The DDT was sifted 
and then throughly mixed with the pyrophyllite in 
a rotary mixing machine. The product did not mix 
readily with water, and the suspension in the spray 
tank was not entirely satisfactory. Lead arsenate 
pad) was used at the rate of 6 pounds per 100 gal- 
ons. 
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Fie_p Tests.—The sprays were applied to pecan 
trees of the Burkett variety on May 23 at Co- 
manche, Tex. Most of the trees bore an excessive 
crop of poorly filled nuts. The casebearer infestation 
was rather light. Approximately 26 per cent of the 
first-degeneration eggs observed on May 22 had 
hatched. Each treatment was replicated 10 times on 
single-tree plots. 

On half the trees sprayed with DDT and on all 
the trees sprayed with lead arsenate zinc sulfate was 
included at the rate of 3 pounds per 100 gallons, to 
control pecan rosette. The check trees were sprayed 
with this material alone. 

The criterion used in determining the effectiveness 
of the spray treatments was the percentage of nuts 
retained in 50 tagged clusters per tree (1625 to 1700 


. nuts per treatment at the start) at the end of the 


feeding period of the first-generation larvae and at 
harvest. The results are summarized in table 1. 


Table 1.—Com tive effectiveness of lead 
arsenate and DDT for control of the pecan nut 
casebearer. 








Nuts ReratNneD IN 
TaGcep CLUSTERS 





July 4-6 Oct. 6-9 


TREATMENT 





Per Cent Per Cent 
Lead arsenate plus zine sulfate 82.9 78.1 
DDT 76.1 67.4 
DDT plus zine sulfate 77.8 68.5 
Check (zinc sulfate) 64.7 56.8 
Difference required for sig- 
nificance (P=0.01) 5.1 7. 





A significantly higher percentage of nuts was re- 
tained on the trees sprayed with lead arsenate or 
DDT than on the checks. Slightly but significantly 
more nuts were retained on trees sprayed with lead 
arsenate than on those sprayed with DDT. How- 
ever, it is possible that the effectiveness of the DDT- 
pyrophyllite mixture was reduced because it did not 
mix well with water. Zine sulfate did not appear to 
influence the effectiveness of DDT. DDT, as used, 
did not injure the trees. 

Observations in October showed that the walnut 
caterpillar, Datana integerrima G. and R., caused 
light to severe defoliation in 7 of the 20 trees that 
had been sprayed with DDT, whereas practically no 
leaves were destroyed on 10 trees that had been 
sprayed with lead arsenate. 

Lasoratory Tests.—In July 1944, at Brown- 
wood, Tex., groups of 38 to 60 second-growth pecan 
shoots were sprayed with DDT or lead arsenate to 
which zine sulfate had been added at the rate of 2 
pounds. The cut end of each shoot was sealed with 
fused Congo, and the shoot was placed in a vial with 
1 nut casebearer egg that was nearly ready to hatch. 
Groups of 53 to 62 untreated shoots were handled 
and exposed to infestation in a similar manner.The 
tests were replicated three times. The shoots were 
examined 4 or 5 days after they were sprayed, to 
determine the effect of the treatments on the newly 
hatched larvae. In the vials containing shoots 
treated with DDT 67 per cent of the larvae were 
dead, as compared with 55 per cent in the vials con- 
taining shoots treated with lead arsenate and 6 per 
cent in those with untreated shoots.—6-1-45. 


IMethod devised by E. H. Siegler (personal communication). 
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DDT Residual Spray Tests 
in Panama‘ 


ARTHUR W. Leypquist and W. C. McDurris,? 
U.S.D.A., Agr. Res. Adm., Bureau of Ento- 
mology and Plant Quarantine 


In April 1944, while the authors were on another 
assignment inthe Panama Canal Zone, the oppor- 
tunity was presented to make some tests with DDT 

residual spray against adults of Anopheles albimanus 
Wied. Earlier work at the Orlando, Fila., laboratory 
of the Bureau of Entomology and Plant "Quarantine 
(Gahan et al., 1945) had shown that DDT residues on 
wood and canvas remained toxic to A. quadrimacu- 
latus Say for long periods of time. The following 
tests are recorded because of their possible bearing 
on malaria control, and because they represent the 
first tests made with DDT residual spray in Pan- 
ama. 

A small, cylindrical screen-wire cage (} sq. ft. sur- 
face) that had been treated with DDT at the rate of 
200 mg. per square foot was used in a few tests on 
Anopheles albimanus to determine the speed of 
knock-down. Reared specimens of this species were 
obtained through the courtesy of the Army School 
of Malariology. 

In the first test approximately 50 Anopheles albi- 
manus | to 4 days old were placed in the cage, which 
had been treated 37 days previously. The test was 
conducted at a temperature of 83° F. and an esti- 
mated relative humidity of 70 per cent. One-half of 
the mosquitoes were knocked down in 12 minutes, 
and all were down in 28 minutes. Three devs later 
the test was repeated under the same conditicns with 
2-day-old females only. Fifty per cent were knocked 
down in 18 minutes and all were dead in 26 minutes. 
In another test females 2 days old were exposed for 
10 minutes in the treated cage and then transferred 
to a clean jar. All mosquitoes were down in 38 min- 
utes. 

The same cage was tested against Anopheles 
quadrimaculatus at Orlando 14 days later, at a tem- 
perature of 80° F. and a relative humidity of 78 per 
cent. Fifty per cent of these mosquitoes were downed 
in 27 minutes, and all were down in 47 minutes. 
Since previous work had shown that a 14-day inter- 
val does not appreciably slow up the toxic action of 
DDT on screen-wire cages, it is concluded that A. 
albimanus is more susceptible than A. quadrimacu- 
latus to this insecticide. 

To obtain information under field conditions, the 
interior of a jungle hospital tent (8 by 8 by 8 ft.) was 
sprayed with 1 quart of 5 per cent DDT in kerosene 
and the tent was then set up in the jungle, where it 
was subject to natural weathering. Sires sat in- 
aide the tent for 30 minutes, during which time ap- 
proximately 50 Mansonia mosquitoes and a few 
anophelines entered. At the end of this time many 
mosquitoes were resting on the ceiling and walls, and 
several were affected by the contact with DDT. The 
tent was closed and after 30 minutes none of the 
mosquitoes were able to fly. 

In this and in other tests it was observed that 
Anopheles albimanus is a cautious biter, and that the 
slightest movement of the host causes the insect to 
fly to the walls where it will sit for several minutes 


1 This work was conducted under a transfer of funds, recom- 
mentee te the ve pe | on Medica! Research, from the — 
of Scientific | my = and Development to the Bureau of Ento- 
mology and Plant Quarantine 

? Now Captain, Sanitary Corps, United States Army. 
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before again attempting to obiain a blood meal. 
After obtaining a blood meal it will rest on the walls 
for several minutes. These observations suggested 
that numbers of infected mosquitoes might be killed 
when they seek blood meals in dwellings, even 

they do not habitually rest in houses. This 
might be accomplished by systematic spraying of 
native dwellings and other buildings in malarious 
areas. 

Observations in the tent were continued over a 
a iod. In all tests the mosquitoes would en- 

'y, many of them landing on the walls and 
tchiing almost immediately. On the 24th day after 
peace hae about 80 mosquitoes (fully $ of them 4. 
albimanus) came into the tent in 10 minutes. The 
flap was closed and in 30 minutes 75 per cent of the 
mosquitoes were knocked down. None were up 2 
hours later. On the 32nd day after treatment, the 
DDT appeared to be about as effective as it was 
when first tested. 

These few preliminary tests suggest that DDT 
may be of great value in reducing malaria rates not 
only where A. albimanus is the principal vector, but 
also in many other areas where the malaria vector or 
vectors may be nondomestic or sylvan in habit. It is 
pera urged that practical tests be made wher- 

ible, in order to ascertain the ibilities 
of DDT residual treatments against all species of 
or erie vectors regardless of their habits.—6-2-45. 


Literature CiTep 
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DDT for Control of the Onion Thrips 


A. J. Cuapman, L. C. Fire, and R. L. McGanrr;! 
U.8. D. A., Agr. Res. Adm., Bureau of Entomol- 
ogy and Plant Quarantine* 


Since the onion thrips, Thrips tabaci Lind., is a 
serious pest of onions and cotton in the lower Rio 
Grande Valley of Texas, especially during periods of 
drought, experiments for control with DDT (1-tri- 
chloro-2,2-bis(p-chlorophenyl) ethane) were con- 
ducted at Raymondville during April 1944. 

Three series of 0.1-acre field plots, arranged in 
randomized blocks with four replicates in series 1 and 
3 and two replicates in series 2, were used. The DDT 
was applied as a dust at various strengths in pyro- 
phyllite. 

application of dust was made in series 1 and 
2, and two in series 3. All the dusts were applied with 
single-nozzle rotary hand dust guns early in the 
morning, when the onions were usually damp or wet 
with dew and the air was fairly calm. The dosage 
ranged from 0.21 to 1.70 pounds of DDT per acre. 

The number of adult and nymphal thrips on eight 
piants from each plot was pro de fore and 
after treatment by striking the tops of the plants 
across the black rubberized surface of a steel table 
and counting the dislodged insects. The population 
was exceedingly high, and considerable damage had 
been caused before treatments were begun. Yield 
records were not obtained, as the onions were har- 


1 The authors were assisted in the field by Ivan Shiller, 0. L. 
be} C. A. Richmond, W. T. Wellhouse, and io Moreno. 
In cooperation with the Texas Agricultural xperiment Sta- 
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Table 1.—Thrips infestation on onions following various treatments with dusts containing DDT in 








pyrophyllite. 


Srrenota or DDT 
Per Cent 


MIXTURE Turips PER PLant! 


PER 





After 
96 Hours 


After 
24 Hours 


Before 
Treatment 








Series 1: 
5 
10 
Check, no treatment 
Minimum significant difference, 5% level 


Series 2: 
2.5 


5 
10 


Check, no treatment 
Minimum significant difference, 5% level 


Series 3, first application: 
5 


10 
Check, no treatment 
Minimum significant difference, 5% level 


Series 3, second application:* 
5 
10 
Check, no treatment 
Minimum significant difference, 5% level 


74 14 
71 7 
117 143 
— 51 


40 
33 
191 
79 


237 
171 40 
261 20 
199 7 
175 10 
242 5 

138 

31 


87 90 
86 
97 
75 
54 
38 
98 


56 
52 


33 


14. 
14 


99 

26 
356 
-— - 77 





1 Average of four plots except in series 2, average of two plots. 


vested soon after treatment, when about one-fourth 
grown, to take advantage of a favorable market. 

The treatments, dosage, and number of thrips per 
plant are given in table 1. 

There was a significant reduction in the thrips 
population 24 hours after dusting in all treatments. 
Although there was no significant difference between 
the 5 and 10 per cent DDT-pyrophyllite mixtures 
with dosages ranging from 9 to 27 pounds of the mix- 
ture per acre, the reduction in the thrips population 
in general was greater as the amount of DDT per 
acre was increased. 

The results in series 1 and 2 indicate that DDT 
was effective for at least 96 hours after dusting, al- 
though the thrips population had increased in all 
treatments since the previous examination. 

The results are considered sufficiently encouraging 
to warrant further experiments.—4-20-45. 





DDT and “Control” of Honeybees 


Watrer M. Kutasn, North Carolina Agricultural 
Experiment Station, Raleigh 


The presence in out-of-the-way colonies of honey- 
bees near, and in houses, is a source of annoyance, 
not only because of the numbers of the bees but also 
because of the possibility of their stinging. Bees can 
be particularly annoying and disturbing when they 
form a colony near the windows or doors of a house. 

The present note concerns one such colony that 
had become firmly established under the trim, or 
millwork, of the main doorway of a house. At the 


2 Applied 4 days after the first. 


time of treatment the colony was very active and 
had been for over a year. The total number of bees 
in this colony was estimated at 30,000. There were 
several entrances into the colony along the mortar 
spaces between the courses of brick underlying the 
trim of the doorway. 

The eradication of this out-of-the-way colony 
presented many difficulties. Removal of the brood 
would have entailed considerable work in getting 
behind the trim. The use of cyanide or other fumi- 
gant was objectionable to the occupants of the house 
because of possible undesirable odors. 

In order to overcome these difficulties it was de- 
cided to use DDT (dichloro-diphenyl-trichloro- 
ethene) to eradicate the colony. Wolfenbarger (1944) 
has already reported the successful use of DDT in 
the eradication of out-of-the-way colonies and notes 
the advantages of the residual action of DDT and 
its relative safety for use as regards fire hazard and 
the health of the occupants of the house. 

In the present case two treatments with DDT 
were enough to eradicate the colony. In the first 
treatment, applied in early May, liquid and dust 
forms of DDT were used. The liquid DDT (2 fluid 
ounces of 5 per cent Gesarol SH-5 to one quart of 
water) was applied to the area around the entrance 
holes. Before the treated area dried it was dusted 
with 3-per cent DDT dust. The same material was 
also dusted into the entrance holes. No attempt was 
made to block the entrance holes after treatment. 
Some bees, particularly drones, became incapaci- 
tated within 20 to 30 minutes after this treatment. 

The second treatment was made one week after 
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the first. By this time the colony was seemingly not 
as active or as strong as it was the week before. 
DDT dust, 5 per cent, was used on the area about 
the entrance holes and about 2 ounces of the mate- 
rial was dusted into the entrance holes. These holes 
were not blocked after treatment. 

Workers and drones were being knocked down 
within 15 minutes after treatment. Coverage of dust 
on the bees underneath the trim was excellent. All 
bees that emerged within 15 minutes after treatment 
were covered with the dust. 

Ten days after the second treatment a few robber 
bees were beginning to visit the colony, which by 
this time had been nearly eradicated. The robbers 
were not using the regular entrance holes but were 
entering the colony, or nest, through holes that had 
not been treated. Within 2 weeks after the last treat- 
ment the robbing had reached a peak. Numerous 
robbers were emerging from the colony well covered 
with DDT dust. Several dead robber bees were 
found only a few feet from the colony. An examina- 
tion of these robber bees showed that they were 
either heavily laden with honey or had DDT all over 
their wings and bodies. 

One month after treatment there was no evidence 
of an active colony. Robber bees had cleaned out the 
honey thus eliminating the possibility of honey 
spilling on the area around the doorway and thus 
creating a nuisance. Five weeks after the last treat- 
ment the colony had been completely eradicated and 
the honey removed by robbers and no robber bees 
were in evidence. 

The use of DDT for the eradication of honeybees 
in out-of-the-way colonies presents an easy and effi- 
cient way of control. However, the question arises 
as to the danger of poisoning and killing bees from 
other colonies that may come to rob a colony weak- 
ened by DDT dust application. Such robber bees 
may in turn help to poison desirable colonies of 
bees. Thus unwittingly the use of DDT for the 
eradication of out-of-the-way colonies may be killing 
hive bees. Until this has been actually determined it 
will probably be best to limit the use of DDT in 
such treatments to cases where there is no danger of 
affecting nearby hive bees.—7-14-45. 


LITERATURE CITED 
Wolfenbarger, D. O. 1944. DDT for “out of 


place” honeybee colonies. Jour. Econ. 
Ent. 37(6): 849-50. 


Methyl Bromide for Control of 
the Pineapple Mealybug 


Max R. Ospurn, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The pineapple mealybug, Pseudococcus brevipes 
(CkIil.), which is associated with pineapple wilt, is 
the most important insect pest of pineapples in 
Florida. 

Practically all new pineapple plantings are propa- 
gated with suckers and slips taken from old, estab- 
lished plants, and in a great many cases the propa- 
gating material is infested with mealybugs. If 
noninfested material is used, heavy mealybug in- 
festations do not appear so soon as if infested ma- 
terial is planted. Growers therefore consider it bad 
practice to use infested material and, in some in- 
stances, have treated infested plants before setting 
them in the field by dipping them in an oil emulsion 
or by fumigating them with hydrocyanie acid gas. 
Either of these methods usually fails to eliminate all 
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the mealybugs, and both methods have caused plant 
injury at times. 

At intervals during the past year, workers at the 
Subtropical Fruit Insects Laboratory in St. Lucie 
County, Fla., in cooperation with P. K. Platts, a 
grower in that county, made fumigation tests with 
methyl bromide for the destruction of the pineapple 
mealybug. The preliminary results have been so 
satisfactory that a brief report seems justified. 

Some of the tests were carried on within a box en- 
closure (capacity 150 cubic feet) located in the field 
near the source of the stock to be treated. The box 
consisted of a wooden frame covered on the sides and 
ends with overlapping sections of tarred roofing pa- 
per; the ground served as a floor, and the top was 
covered during fumigation with overlapping strips of 
roofing paper and with two layers of tarpaulin, 
drawn down tightly around the sides and ends of the 
box. The bottom edge of the box rested in a shallow 
trench, and soil was thrown up around the outside to 
help confine the gas. The material to be fumigated 
was tightly packed in crates and stacked in the 
chamber, which had a capacity of 15 crates (1100 to 
2700 plants, depending upon the size and type of 
material). Pineapple suckers and slips treated in- 
cluded Queen, Abacoxi, Abakka, and Congo vari- 
eties. The required amount of methyl bromide was 
measured with a commercial! applicator and was ad- 
mitted through copper tubing into a shallow pan in 
the box. A small automobile fan provided air circu- 
lation during the exposure. 

The first 2 tests were performed with 2 pounds of 
methyl bromide per 1000 cubic feet for periods of 2 
hours. In 1 test the temperature ranged from 92° to 
103° F., and in the other from 74° to 77°. On samples 
of plants examined from both tests following treat- 
ment, 746 dead mealybugs were found but no live 
ones. In 3 more tests the dosage was dropped to | 
pound per 1000 cubic feet with an exposure of 2 
hours. In the first of these the temperature ranged 
from 85° to 87°, in the second from 79° to 84°, and in 
the third from 82° to 88°. Samples examined follow- 
ing treatment showed no living mealybugs, but 234 
dead ones were found. All the planting material in- 
cluded in these tests, with the exception of the sam- 
ple plants, was set in the field soon after it was 
treated. The plants were examined in the spring of 
1945 and were found to be normal and healthy. 

Early in 1945 a 50-cubic-foot, metal-lined box es- 
pecially constructed to maintain constant tempera- 
tures and to prevent the escape of the fumigant, was 
completed at the laboratory, and 3 tests with dosages 
of 0.5 pound of methyl! bromide per 1000 cubic feet 
for 2 hours at 80° F. had been performed in it up to 
May 1, 1945. One crate of tightly packed suckers 
was used in each test. Samples for determining 
mealybug mortality following treatment were taken 
from the center of the packed crates. In these 3 tests 
374 dead mealybugs and 6 live ones were found. 

Although these few tests were preliminary, the 
data indicated that methyl bromide applied at the 
rate of 1 pound per 1000 cubic feet for 2 hours at 79° 
to 88° F. would be a successful treatment for the 
elimination of the pineapple mealybug in planting 
material, and that it would not injure the plants. 
Exposure to 0.5 pound for 2 hours at 80° did not 
cause complete mortality. 

It was noted during this work that the 2-pound 
dosage caused 100 per cent mortality of the pine- 
apple mite Stigmaeus floridanus Banks, but neither 
pound nor half-pound dosages were 100 per cent 
effective. —7-23-45. 
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Dusting for Cattle Lice 


Cuay Lyx and R. G. Strona 
State College, Mississippi 


Since many farmers do not have dipping vats and 
the application of dust by hand is a slow process, an 
inexpensive, rapid method of treating both large and 
small herds for cattle lice would be very desirable. 
The Dairy Department of Mississippi State College 
reported good results in 1944 by driving about 30 
animals into a large stall and blowing a dense fog of 
0.5 per cent rotenone dust over them with a hand 
gun or fan duster, which required only a few min- 
utes. However, no records were made of the infesta- 
tion before and after the treatment, so the value of 
the method was considered unproven. 

In the spring of 1945 several tests were conducted, 
largely by the junior author, which seem to establish 
the value of this method of application. Calves in- 
fested with Linognathus vituli L. and Bovicola bovis 
L. were selected and marked for treatment by clip- 
ping a ring around three circles on each side of the 
body to be used in counting the lice. Each circle 
enclosed approximately 7 to 8 square inches. Circles 
were placed on the neck, R 1, L 1, just behind the 
foreleg, R 2, L 2, and just in front of the hip, partly 
on the back and partly on the flank, R 3, L 38. 
Counts were made with a reading glass. 


Table 1.—Numbers of lice in 6 marked areas 
on cattle before and after treatment with 0.5 per 
cent rotenone dust applied by (a) rubbing by 
hand, (b) blowing against sides of animals and 
(c) dust cloud over animals. 








Calf No. 1. Rubbed by hand on March 17. 
Dare Ril R2 R38 LI 


2 45 
6 20 
5 22 12 


March 7 
9 


11 
16 4 ” 16 
17—Treated—Right side only. 
18 0 0 0 

21 0 0 

27 0 0 
April $3 0 0 0 

10 0 0 


“ne oe Cwunu 


Calf No. 2. Dust blown against right side March 17. 
Re 


R38 Ll 


Date Le L3 

March 7 24 16 19 33 6 22 

9 51 30 13 30 18 21 

ll 67 48 18 64 45 31 

16 41 39 44 66 39 40 
17—Treated—Right side only but some dust blew over 

on left side. 

18 0 0 0 0 3 3 
21 0 0 0 0 0 
27 0 0 0 0 0 
2 0 
2 2 


April 3 1 0 1 
10 29 14 0 
Calf No. 3. Dust cloud over animal March 17. 
Date R1 Re R3 Li ls L3 


March 7 70 6 62 180 72 
9 151 28 71 160 30 
ll 211 46 117 205 87 
16 281 56 112 215 68 180 
17—Treated—Dust cloud over animal and allowed to 
settle. 
0 0 
0 0 
0 0 
6 0 
17 13 


April 





' Matted hair—no counts. 


ScreNntTIFIC NOTES 


611 


As shown in table 1 the first group of 3 calves was 
first examined on March 7 and seven counts (only 4 
shown in table) were made before they were treated 
on March 17 with 0.5 per cent rotenone in a carrier 
of about ] parts Pyrax and double ground cream 
tripoli aah Calf No. 1 was rubbed on the right side 
by hand, leaving the left side as a check. Calf No. 2 
had the dust blown against its right side, while 
No. 3 was placed in a room and a fog of dust blown 
in until the calf was hidden. The dust was allowed 
to settle a few minutes before No. 3 was removed. A 
small plunger duster was used. Examination on 
March 18 showed 100 per cent kill except on No. 3 


Table 2.—Effect of light applications of 0.5 per 
cent rotenone and 10 per cent DDT on numbers 
of lice in marked areas on cattle when applied by 
(a) blowing against sides of animals and (b) dust 
cloud over animals. 








Calf No. 4. Dusts blown against sides April 16. 
Date R38 Li 


April 9 18 58 51 12 
ll 76 33 ll 106 37 7 
13 99 23 13 115 49 
16 137 23 8 131 63 
16—Treated—DDT on right side, rotenone on left. 
17 5 5 4 2 4 : 


L2 L3 





18 + 4 4 1 3 
20 5 6 4 3 7 





Calf No. 5. Dust cloud of 10 per cent DDT on April 16. 
Date R2 Le L3 


Rs Li 


April 9 85 9 63-121 
il BS 24 105 130 
13 57 8 153 109 
16 108 52 23 194 8 
16—Treated—DDT 
17 103 27 15 101 24 
18 oe SM 14 87 0 
20 123 16 8 oF 6 





Calf No. 6. Dust cloud of 0.5 per cent rotenone on April 16. 
Dats R1 Re R3 Ll L2 L3 


April 9 144 80 27 81 
11 172 81 23 91 
13 210 85 19 121 
16 198 91 50 131 
16—Treated— Rotenone 
17 54 5 10 3 
18 18 0 6 2 
20 8 8 5 3 














and these were probably dead as there were no lice 
left in the circles on March 19. Some of the dust blew 
over on the left side of calf No. 2 and gave almost a 
complete kill on the entire body of this calf. Calf 
No. 3 was the only one with lice under the brisket 
before dusting a evidently the dust did not pene- 
trate this long, thick hair under the body as the lice 
there were alive after the dusting. 

A second group of three calves, Nos. 4, 5 and 6, 
marked as in the first group was dusted on April 16 
after four infestation records were secured. Calf No. 
4 had 10 per cent DDT (Neocid A-10) blown against 
its right side and 0.5 per cent rotenone against the 
left side, using a small plunger duster from a dis- 
tance of about 3 feet in each case. A double layer 
of denim was held along the median line of the back 
to prevent the dusts reaching the opposite side. 
Calf No. 5 had 10 per cent DDT blown over it from 
about 5 feet away and calf No. 6 had 0.5 per cent 
rotenone from about 6 feet. All applications were 
light and the kill as shown in table 2 was not satis- 
factory, especially for the DDT. However, nearly all 
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the lice left on No. 5 were Linognathus vituli, so it is 
possible that DDT may be more toxic to Boricola 
boris than to the long-nosed louse, although the per- 
centage of each on the animals prior to treatment 
was not determined. The light application of ro- 
tenone was sufficient to reduce the population in the 
cireles on No. 6 from 573 to 25, or 95 per cent within 
three days as compared to a 47 per cent reduction by 
the DDT in the same time. 


Table 3.—Effect of heavy applications of 0.5 

os cent rotenone and 10 per cent DDT on num- 
rs of lice in marked areas on cattle when ap- 
ied by (a) blowing against sides of animals and 
) dust cloud over cobaaie. 








Calf No. 7. Rotenone blown against sides April 26. 
Re Li Le L 


Dare 


April 24 26 
25 





7 

$1 8 

26 a 2 
26—Treated 

27 0 0 

0 0 

0 0 


Calf No. 8. DDT blown against sides April 26. 
Dare R1 Re R$ L1 


April 24 4 25 
25 15 29 
26 18 26 
26—Treated 
27 0 0 
30 0 0 
May 1 0 0 














Calf No. 9. Rotenone dust cloud blown over animal April 26. 
Re R$ Li Le L$ 





Date R1 





April 24 171 46 80 98 33 
25 173 34 75 119 38 

37 74 122 74 

0 12 23 
0 5 3 
0 2 3 











Four calves, Nos. 7, 8, 9 and 10, were used in a 
third test with heavier applications of 10 per cent 
DDT and 0.5 per cent rotenone, each blown directly 
against an animal and also by blowing a fog of dust 
into the air over the animals. Three counts were 
made before and three after dusting. The dusts were 
blown against the sides of the animals from a dis- 
tance of about 3 feet and over them from about 6 
feet. The fog was not dense enough to hide the ani- 
mals but all of them had a dusty color. The results 
are shown in table 3. A few lice survived in the long 
hair under the brisket on the animals treated by 
blowing the dusts over them. 

Conc.ustons.—Small plunger and fan dusters are 
effective means for rapid and economical application 
of rotenone and DDT dusts to dairy cattle infested 
with Linognathus vituli and Bovicola bovis. The dusts 
seem to be more effective when blown directly 
against the animals, but fog applications over them 
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heavy enough to give the coat a dusty appearance 
are also satisf . If the latter method is used, 
some dust should be blown under the animals to 
reach the brisket and other long-haired areas. Dust 
containing 0.5 Fe cent rotenone seems somewhat 
more effective than 10 per cent DDT. Two applica- 
tions should give almost perfect control. The value 
of the method on long-haired beef animals is not 
known.—7-28-45. 





DDT for the Control of Goat Lice 


H. E. Parise and C.S. Rupe, U.S.D.A., Agr. Res, 
Adm., Bureau of Entomology and Plant Quarantine 


The Angora goat industry in the United States is 
confined largely to the Edwards Plateau of south- 
western Texas, and a relatively small section adja- 
cent to it. Ranchmen in this area consider goat lice 
to be the most serious insect parasite of goats. Their 
attack lowers the vitality of the animals and reduces 
the quality and quantity of mohair. Quality mohair 
has become of greater im nee with the general 
adoption of grades for this product. The mohair 
from lousy goats is often matted and discolored, and 
therefore much lower than that from louse 
free animals. Much hair is also lost as a result of the 
goats rubbing themselves to relieve the irritation 
caused by lice. 

There is an ever-increasing demand for a dip that 
will control lice on either freshly-sheared or long- 
haired goats in one dipping. The dipping of animals 
immediately after shearing would eliminate the 
laborious task of rounding them up a second time. 
In the this procedure has been impractical be- 
cause the available dips did not control the lice on 
freshly-sheared goats. 

Laboratory and preliminary field tests made at 
the Menard, Tex., laboratory indicate that progress 
has been made in developing a dip that will control 
in one dipping, the three species of lice commonly 
found on goats. These species are the yellow louse, 
Trichodectes hermsi Kellogg and Nakayama; the red 
louse, T. caprae Gurlt; and the blue louse, Linogna- 
thus stenopsis (Burm.). The tests also indicate that 
the dip is effective on freshly-sheared goats, as well 
as on those with long fleece. 

EXpPerRiMENTAL Data.—Early tests (Babcock 
1944) at this laboratory on the efficiency of DDT 
(1-trichloro-2,2-bis(p-chlorophenyl)ethane) for the 
control of goat lice proved its efficacy in killing lice 
in one dipping. A dip containing 0.2 per cent of DDT 
killed all three species. The solvents used in this 
work, however, cannot be recommended because of 
their cost and unavailability. Soluble pine oil, a pine 
oil conforming to Navy specifications, CS69-38, and 
containing an emulsifier, is an excellent solvent for 
DDT as well as an efficient wetting agent in goat 
louse dips. A stock solution, designated as No. 1235, 
was made by dissolving 1 part of DDT in 5 parts (by 
weight) of soluble pine oil. This stock solution is 
stable at ordinary temperatures. At temperatures 
below freezing a small quantity of the DDT may 
separate, but it readily redissolves at ordinary room 
temperature. 

In a field test 927 goats that were heavily infested 
with red, yellow, and blue lice were dipped on July 4, 
1944. At that time the goats were carrying a 5-month 
growth of hair. These goats were sheared 38 days 
after dipping. An examination at the time of shear- 
ing showed them to be free of lice. In another test 
625 goats that were infested with red and yellow 
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lice were dipped on October 26. An examination at 
shearing time, March 7, 1945, showed them to be 
free of lice. In a third test, which was started August 
15, 1944, 940 goats were dipped immediately fol- 
lowing shearing. When the animals were examined 71 
days after dipping, no lice were found. Later, be- 
cause of uncontrollable conditions, these animals 
mingled with infested animals. At shearing time, 
February 15, 1945, practically all the goats had a 
few lice on them. However, the infestations were not 
sufficiently heavy to injure either the animals or 
their hair. 

There have been no undesirable effects on either 
the animals or the mohair following the use of this 
dip. On animals that have been dipped the mohair is 
glossy all the way to the skin, which is smooth and 
without dandruff. Several animals dipped in this 
material have been exhibited at goat shows and have 
been awarded high honors. 

At present prices (1945), dip made from solution 
No. 1235 costs between $25 and $30 per thousand 
gallons. This price is not prohibitive, since only one 
dipping is necessary. On an average 0.5 gallon of dip 
per animal is required when goats are in full fleece, 
but when goats are dipped immediately after being 
shorn only 0.19 gallon of dip is shell par animal. 
Tests show that dip kept in an open vat remains 
effective for 99 days or longer. 

We have experimented with a dip containing ap- 
proximately 0.2 per cent of DDT by using 10 pints 
of stock solution No. 1235 in 100 gallons of water. 
The dip was well stirred before use. The stock solu- 
tion does not make a good emulsion in alkaline or 
extremely hard water. It is therefore desirable to 
test the water prior to dipping and to use some that 
will combine satisfactorily with the stock. The ex- 
cellent wetting quality of stock solution No. 1235 
makes it possible to wet an animal thoroughly in a 
single dipping. 

SumMARY.—Preliminary laboratory and field tests 
indicate that the three species of goat licee—Tricho- 
dectes hermsi Kellogg & Nakayama, 7’. caprae Gurlt, 
and Linognathus stenopsis (Burm.)—commonly 
found on goats in Texas can be controlled with a dip 
containing 0.2 per cent of DDT. This dip was pre- 
pared by diluting 10 pints of stock solution consist- 
ing of 1 part of DDT in 5 parts (by weight) of 
soluble pine oil in 100 gallons of water.—7-27-45. 
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Mosquitoes of Northwest Florida 
G. A. Epwarps' and E. V. Porter 


Collections of mosquitoes in the vicinity of Val- 
paraiso, Florida, have been made for the past two 
years and are still in progress. This paper contains 
some data on the frequency and distribution of 
adult mosquitoes in this area for the period May 
1943 to June 1945 inclusive. 

Valparaiso is located in the northwestern part of 
the state, between Alabama and the Gulf of Mexico. 
The area in general may be described as a pine bar- 
ten. The soil is mostly sandy, and the trees are pre- 
dominantly oak and pine. There are few grassy 
fields, but the vegetation is fairly dense. Several 
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large ponds, some brackish water bayous and many 
small bogs occur in the area. 

Adult collections were made daily from New 
Jersey type light traps and from resting stations. 
Collections of larvae were also accomplished but 
these data will not be included in the present report. 
Light traps were set out near buildings, near bayous, 
and in the fields and woods. Resting stations were 
maintained near buildings, bayous, ponds and 
woods. The specimens collected were identified at 
the laboratories of the Fourth Service Command, 
Atlanta, Georgia. 


Table 1.—Mosquitoes collected at Valparaiso, 
Florida, from May 1943 through May 1945. 








NUMBER AND NUMBER AND 
NK Rank 


June 1944— 
June 1945 


May 1943- 
Speci Es June 1944 





Aédes vezans 2149 361 ( 4) 


Aédes mitchellae 274 859 2) 
Culex quinquefasciatus 217 782 
Psorophora confinnis 147 65 
7 1033 

67 


Melanoconion 116 
Culez (Cul) spp. 115 


Addes spp. 88 116 
Culez . 54 87 
Uranotaenia sapphirina 49 65 
Uranotaenia tt 47 1 
Anopheles crucians 28 831 
Culez pilosus' 

Aédes sollicitans 

Culez nigripalpus 

Culiseta inornata 

Aédes taeniorhynchus 
Aédes tormentor 

Anopheles quadrimaculatus 
Mansonia perturbans 
Anopheles atropos 

Aédes atlanticus 

Culez restuans 

Psorophora discolor 
Anopheles bradleyt 

Culez erraticus' 

Anopheles punctipennis 
Aédes aegypti 

Aédes canadensis 

Aédes dupreei 

Aédes infirmatus 

Aédes stwticus 

Culiseta melanura 

Culez apicalis 

Culex peccator 

Culez tarsalis 

Psorophora ciliata 


Scxons 
SSOSwurns 


=~ 
coor KK Oaae 


~ 


eae 


(24) 


: 





1 Included under Melanoconion for determination of absolute 
rank. 


There was a definite correlation between the 
weather and the incidence of mosquitoes. In 1943 
and 1944 the hot and rainy weather began in April 
giving rise to the appearance of a large number of 
mosquitoes in late April and May. In 1945 a “false 
spring” occurred, that is, February was warm and 
wet but March and April were cool and dry. Hence 
mosquitoes that in previous years had appeared in 
April and May were recorded in February and 
March 1945 (Fig. 1). The number of individuals 
caught varied with the wind direction, that is there 
was a reduction in number with an onshore breeze 
and an increase with an offshore breeze. Normal 
variations in the rather steady surface winds in this 
area produced little change in population. During 
the two weeks in which hurricane winds passed 
through the area the number of individuals caught 
dropped to practically zero. Throughout the 6-week 
period from the middle of April to the end of May 
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Fic. 1.—Seasonal distribution of mosquitoes in Valparaiso, Florida. 


1945 there was only one short rainstorm, and collec- 
tions amounted to no more than a few specimens 
per week. 

The total number of species recorded was 33. The 
aggregate of adults caught between May 1943 and 
June 1944 was 3383; and from June 1, 1944, through 
May, 1945, the total collection of adults was 4201. 
Of the specimens collected in 1943—44, 91.7 per cent 
were females and only 8.3 per cent males. During 
1944-45 the number of females collected equalled 
68.3% of the total and the males 31.7 per cent. The 
number of specimens collected and the rank of their 
importance is given in table 1. 

All species represented in the collection have been 
previously reported for the state of Florida (King 
et al., 1944). The species collected and their order of 


abundance were, in general, similar to those reported 
from Tampa, Florida (Dethier & Whitley 1944). 
The following species reported by Dethier & Whitley 
for Tampa were not present in the collections at 
Valparaiso: Mansonia titillans and Psorophora feroz. 
Conversely those found at Valparaiso but not re- 
ported from Tampa were: Aédes dupreei, A. eticticus, 
A. tormentor, Anopheles punctipennis, A. bradleyi, 
Culex peccator, C. tarsalis and Psorophora discolor. 
In the order of their relative abundance the species 
from the two sections of the state were similar. In 
1943 and 1944 the most prominent species at Val- 
paraiso was Aédes verans. Following in abundance 
were A. mitchellae, Culex quinquefasciatus, Psoro- 
phora confinnis, Melanoconion, C. salinarius and 
Uranotaenia sapphirina. Melanoconion rose to first 
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place in 1944 and 1945, followed in order by Aédes 
mitchellae, C. quinquefasciatus, Aédes verans, Anoph- 
eles crucians, U. nigripalpus and C. salinarius. 

From the chart (Fig. 1) it can be seen that many 
yariations as well as similarities in distribution oc- 
curred during the 2-year period. Ten species ap- 
peared in 1944 that had not been found in 1943. 
Aides sticticus was collected for the first time in 
1915. Psorophora discolor appeared only in 1943. 
The males of Culiseta melanura, Melanoconion, 
Culex apicalis and C. nigripalpus occurred in the 
collections only in late fall and early spring, whereas 
the females were present spring, summer and fall. 
Males only were found of Culex peccator. Females 
only of the following were collected: Anopheles 
atropos, A. bradleyi, A. quadrimaculatus, Aédes 
dupreei, A. sticticus, A. tormentor and Culiseta inor- 
nata.—7-27-45. 
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DDT for the Tent Caterpillar 


J. A. Manter, University of Connecticut, Storrs 


The tent caterpillar, M alacosoma americana (Fab.) 
was abundant during the spring of 1945 in Conn., 
apparently near the peak of one of its cycles. DDT 
supplied by the Geigy Company was tested against 
this insect in the laboratory and out-of-doors. 

The first test was of Gesarol Summer Oil spray 
applied to a tent by a medicine dropper. This pene- 
trated the tent well and immediately affected the 
caterpillars which became partially paralyzed. All 
were dead in two days. 

Another tent was sprayed with about 1.7 cc. of 
Gesarol Summer Oil spray. Within three minutes the 
caterpillars started to leave the tent and at the end 
of 10 minutes all were quiet. Later many were 
twisting and squirming but were unable to crawl. 
The next day all were dead and greatly shrunken in 
size. 

Twenty-five larvae, about one inch each, were 
brought into the laboratory and placed on the tent 
used in the previous test two days after it was 
sprayed. Within 10 minutes several had left or spun 
down from the tent. These were placed in a clean 
cage. The only contact they had had with DDT was 
by walking for a short time on the sprayed tent. 
The next morning about half were dead while the 
rest could move only slightly. All were dead on the 
second day. 

To test the effect of treating the tent when the 
larvae were out feeding, a tent was sprayed with 
about 1.7 ec. of Gesarol Summer Oil spray taking 
care not to hit the feeding larvae or the silken trails 
with the spray. This treatment upset the normal 
activities of the colony. Feeding stopped very soon 
and a few caterpillars returned to their tent but 
none entered. These soon left the tent by crawling or 
spinning down. It was noticeable that those crawling 
did not follow the trails as is their normal custom 
but moved rapidly over any nearby surface. Some 
of the larvae dropped from the foliage and did not 
attempt to return to the tent. It is possible that 
some of the very fine spray mist reached these lar- 
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vae. All of the caterpillars became paralyzed and 
later died although two continued to move slightly 
for three days. 

A group of 22 large larvae on a tent was sprayed 
with 3.4 ce. of spray made by mixing 0.1 cc. of 
Gesorol Emulsion with 100 ce. of water. They began 
to drop within five minutes and all had left the tent 
in 15 minutes. These became partially paralyzed but 
were able to squirm more or less for several hours. 
The next day all were dead except one which died on 
the following day. 

After these preliminaries in the laboratory, three 
groups of tents along roadsides were treated. Four- 
teen tents were sprayed on a very windy day with 
the temperature at 54° F. Most of the caterpillars 
were at home within the tents but some were 
grouped outside. Twenty-five cc. of Gesarol Summer 
Oil spray were sprayed on these tents, the amount 
varying from 0.72 to 3.6 cc. according to the size of 
tent. The spray was applied by a cheap household 
sprayer. Checks later failed to find any live cater- 
pillars in these tents. 

Another lot of 10 tents was sprayed with 10 cc. of 
Gesarol Summer Oil spray. The range per tent was 
from 0.32 to 2.4 cc. These caterpillars averaged 
about one inch long and many of them were out of 
the tents feeding at the time of spraying. 

On the same day nine tents were treated by shak- 
ing a small amount of Gesarol A3 dust on each. The 
smallest tent received 0.35 grams and the largest 
received 1.05 grams. 

A later examination failed to find any live larvae 
in or near any of these tents. 

From these preliminary experiments it appears 
that DDT is deadly to tent caterpillars by contact 
even when greatly diluted. The caterpillars stop 
feeding immediately, become paralyzed and later 
die. The results are the same when larvae crawl on a 
tent or other surface which has been sprayed or 
dusted with DDT.—7-25-45. 


Soil Nitrogen and Thrips Injury on 
Spinach’ 


S. H. Wrrrwer and Leonarp HasemMan, Missouri 
Agricultural Experiment Station, Columbia 


Information on soil-plant relations as factors in 
insect control is insufficient. But that the nutritive 
qualities of agricultural crops are influenced by the 
fertility of the soil on which they are grown is a well 
established fact. Furthermore, it has been occa- 
sionally suggested by students of entomology that 
the ability of plants to resist insect attack may be 
modified by controlling their mineral nutrient sup- 
ply. Some of the possibilities in this, as yet, little 
known and practically unexplored field of pest con- 
trol have recently been suggested in our nutritional 
studies with vegetables. A striking relationship was 
observed between the amounts of soil nitrogen and 
calcium provided for plants of New Zealand spinach, 
Tetragonia expansa, and their resistance to attack 
by the common greenhouse thrips, Heliothrips 
haemorrhoidalis. 

The test plants were grown under controlled con- 
ditions in gallon glazed crocks using clay-sand cul- 
tures. A series of sixteen treatments was prepared by 
supplying calcium and nitrogen levels each of 5, 10, 
20, and 40 milliequivalents per crock with all pos- 
sible (i.e. 16) pom ie in these amounts of the 
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Table 1.—Variations in yield, vitamin C, oxalate, and mineral content as related to the incidence 


of thrips injury on New Zealand spinach grown at variable levels of nitrogen and calcium.’ 
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two nutrients. Each series was replicated ten times 
with two plants in each replication. Calcium acetate 
and ammonium nitrate were the respective sources 
of the variable elements and all other nutrients were 
provided in constant amounts for all treatments. 
The plants were randomized in a greenhouse in- 
fested with thrips, the insects being left free to 
choose whatever plants they wished. 

During the first 6 weeks growth, of the $20 plants 
in the experiment, not one of the 160 plants grown 
at the two higher nitrogen levels was seriously at- 
tacked by the insect. This condition was in sharp 
contrast to that observed on an equal number of 
plants grown at the two lower nitrogen levels, of 
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Fic. 1—Thrips injury on New Zealand spinach 
grown at variable levels of calcium and nitrogen. 


which practically all were badly damaged. It was 
also of significance that when the calctum supply 
was increased the attacks on the low nitrogen 
groups were less serious. 

The insects’ preferential selection of the plants 
according to the nutrient level of the substrate is 
illustrated by the pictorial graph (Fig. 1) in which 
representative specimens from each treatment are 
portrayed. As shown, thrips injury was almost ab- 
sent at the two higher nitrogen levels, and at the 
highest of the calcium levels. 

Because of the well known effects of nitrogen and 
calcium on the growth and composition of leafy 
vegetables, a relationship between soil fertility and 
the production of plants resistant to or unsuitable as 
food for insect pests seemed likely, and prompted 
some detailed chemical analyses of the plants in the 
various treatments. These results with the percent- 
ages of leaf surface damaged are given in table 1. In 
general, the plants selected for food by the thrips 
made less total growth and were higher in vitamin C, 
oxalate, and phosphorus, and lower in total nitrogen. 
The predominating influence of the nitrogen incre- 
ments on growth, chemical composition, and inci- 
dence of insect damage was obvious. 

For a proper interpretation of these observations 
and data, one should be mindful of the following 
items of interest: (a) most insects have specific 
hosts, signifying, perhaps, that they have definite 
food requirements to satisfy; (b) the nutrient con- 
tribution of the host plant may be altered tremen- 
dously by soil fertility, especially, as in this case, 
when the nitrogen is varied; (c) the long recognized 
value of crop rotation in pest control may be, in 
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par’, a result of better maintenance of soil fertility 
an consequent greater “‘plant resistance’; (d) the 
expanation as to why some crop pests, such as 
cod|ing moth, become more serious as fruit trees are 
gro vn continuously in the same soil without a com- 
plete renewal of the nutrients removed, may be 
found, in part at least, in soil deficiency; and (e) pos- 
sibly, the continuing need for the creation of new 
insecticides to hold in check greater and more de- 
structive ravages of insect pests is aggravated by 
the gradual but general decline in soil fertility from 
year to year.—8-13-45. 


Sorption of HCN by Insect Pupae 


D. L. Linperen and Watton B. Suvciar, Univer- 
sity of California Citrus Experiment 
Station, Riverside 

The toxicity of an insect fumigant is a function 
of many variables. It depends to a considerable ex- 
tent on the chemical constitution of the compound 
and its physical and chemical properties in the 
gaseous phase. The temperature and relative hu- 
midity affect both the fumigant and insect in varying 
degrees. The physiology of the insect at different 
stages of development influences greatly the toxicity 
of a fumigant. Even when two species of insects 
sorb the same amount of fumigant under identical 
conditions, the lethal dosage for each species may 
be very different. Aside from the variation in toler- 
ance of insects to a given fumigant, all of these fac- 
tors, therefore, bear a definite relation to the 
sorption of the fumigant by the insect during the 
period of exposure. In an effort to determine the 
basis for the difference in sorption of fumigants 
HCN was chosen as a suitable gas for use in studying 
the physical, chemical, and physiological factors 
affecting its sorption by various insects during 
fumigation. As part of the general project, this paper 
reports the results of experiments on the relative 
amounts of HCN sorbed by pupae of the housefly, 
Musca domestica L., of different ages. 

Previous experiments (Lindgren and Sinclair 
1944) with pupae of the walnut husk fly, Rhagoletis 
completa Cress., have shown that very much more 
HCN was recovered from those fumigated at low rela- 
tive humidities (15 to 20 per cent) than from those 
fumigated at high relative humidities (70 to 90 per 
cent). It was also shown that less HCN was recov- 
ered from fumigated husk-fly pu than from 
fumigated red scale, and that red scale is more 
susceptible to HCN fumigation. Age of the husk-fly 
pupae was not considered in these earlier experi- 
ments, since the husk-fly remains in the pupal stage 
for the better part of a year, and the experiments 
reported on were carried out over a period of a few 
days. 

Since housefly pupae! were available in large num- 
bers, an experiment was set up to determine the 
amount of HCN that might be recovered from pupae 
of various ages. The houseflies were reared in the 
laboratory under controlled conditions, and the age 
of the pupae was known to within 12 hours. A large 
number of pupae having been obtained, samples 
from this single source were fumigated daily, and 
the HCN was recovered immediately after fumiga- 
tion. The housefly pupae were fumigated with 16.8 
mg. HCN per liter, at 75° F. and an exposure of 40 
minutes, The relative humidity varied from 48 to 78 


' The authors are grateful to Dr. Paul de Bach for supplying 
the housefly pupae used in these experiments. 
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per cent, this range in variation having little or no 
effect on the amount of HCN recovered from the 
pupae. Methods of HCN recovery were similar to 
those worked out by Sinclair & Ramsey (1944). 

The results of these experiments are shown in 
figure 1. It may readily be observed from the graph 
that the amount of HCN recovered per gram of 
pupae varies with the age of the pupae. There is a 
definite decrease in the amount of HCN recovered 
from pupae 1 to 3 days old, with about the same 
amount recovered from those 3 to 5 days old, and a 
progressively greater amount recovered from those 
5 to 8 days old, at which time the adults were about 
to emerge. 
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Fic. 1.—Recovery of HCN from fumigated housefly 
pupae of different ages. 


The trend of this curve follows in general the 
trend of the mortality curve obtained by Lindgren 
(1935) with a given concentration of chloropicrin on 
pupae of Tribolium confusum of different ages. He 
found that the pupae were least resistant to the 
fumigant at the beginning and at the end of the 
pupal stage, and most resistant from the second to 
the fourth day. No attempt is being made to formu- 
late a generalization, but the authors were im- 
pressed by the similarity of the mortality curve of 
pupae of T'ribolium confusum and the HCN sorptive 
curve of the housefly pupae.—8-27-45. 
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A New Leafhopper on Cherry 
S. W. Frost, Pennsyloania State College 


Cicadella stellulata (Burm.)' has been found on 
sour cherry at State College, Pa. This is apparently 
an introduced species which previously has been 
reported only from New Haven, Connecticut under 
the name Typhlocyba inscripta Sanders & DeLong 


1 Material determined by Mrs. J. N. Knull. 
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(1922). The ies was described at that time from 
11 females collected at Kew Gardens, London, Eng- 
land and seven males from New Haven, Connecti- 
cut. Virtually the same information appears in The 
Hemiptera of Connecticut (1923). No mention of 
this species could be found in DeLong & Caldwell 
(1927). 

This is a pretty species that can readily be dis- 
tinguished from other leafhoppers attacking fruit. 
It is almost entirely chalky white with pale brown 
eyes and scutellum and with brown and black 
blotches and delicate lines on the outer halves of the 
wings. 

The nymphs and adults produce white stippling 
upon the leaves of sour cherry, the injury being 
abundant enough to attract considerable attention. 
Although Sanders & DeLong recorded this species 
from pear, the writer found it only on sour cherry. 
Sweet cherry growing adjacent to infested sour 
cherry trees and Seckel pear only fifty feet distant, 
showed no evidence of this leafhopper. 

This leafhopper was first discovered at State Col- 
lege on June 20, 1945 but apparently was present 
earlier the same season for the injury was conspicu- 
ous at the time the species was found. My ob- 
servations and previous records indicate that the 
leafhopper is most abundant during July and Au- 
gust.—7-25-45. 
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DDT-Like Effects from Injection of 
Other Compounds into Roaches 


Sam C. Munson and J. Frankurw YEAGER, 
U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


In several semiquantitative exploratory experi- 
ments molar concentrations of DDT (1-trichloro- 
2,2-bis(p-chloropheny] ethane; m.p. 108.5-109° C.) 
and a number of other compounds were injected into 
nymphs of the roach, Periplaneta americana (I..). 
These compounds were compared with DDT with 
respect to symptoms produced and to speed of kill 
of the most effective doses. The results, which are to 
be considered as only approximations, are summa- 
rized in the numbered paragraphs. The number after 
the name of a compound was obtained by dividing 
the survival time for the most effective dose of the 
compound into the survival time of a corresponding 
dose of DDT. This number serves as an approximate 
index of the speed of kill of the compound relative 
to that of DDT. Compounds that exceeded DDT in 
speed of kill have an index greater than unity. The 
compounds in group (1) caused symptoms that at 
some stage were practically indistinguishable from 
some stage of DDT symptoms. 

(1) Symptoms very similar to those caused by 
DDT: p-Dichlorobenzene 1.08; hydroquinone 4.88 
(in 1.1 per cent sodium chloride), 1.07 (in corn oil); 
aniline 1.91: phenol 1.47. 

(2) Symptoms only moderately like those caused 
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by DDT: Diphenylamine 1.52; benzene ca. 0.50, 

(3) Symptoms not like those caused by DDT: 
o-Chlorodiphenyl 0.13; bibenzyl 0.46; p-nitrophenol 
3.30; toluene 0.10; benzoic acid 0.68; salicylic acid 
0.35; xylene 0.12; phenothiazine 8.63. 

(4) Intermediate between groups (1) and (2): 
Pyrogallol (in 1.1 per cent sodium chloride) 1.13; 
p-phenylenediamine 1.20; alpha-naphthol 0.49; 
dimethyl-p-phenylenediamine 1.24; tetrachlorohy- 
droquinone 4.46 to 6.24. 

(5) Intermediate between groups (2) and (3): 
Chloral hydrate 0.74; biphenyl 0.51; tetrachloro- 
benzene 0.87. 

The DDT symptoms involved initial increase and 
subsequent decrease of general activity, spasmodic 
contractions, twitches, tremors, and uf. of equi- 
librium and locomotion. Comparison was based upon 
all symptoms, but especially on the characteristic 
contractions, twitches, and tremors. The values for 

i of kill show that benzene was less effective 
ys DDT, but that a benzene ring with Cl, OH, or 
NH; substituted in the para position could be as 
effective as, or more effective than, DDT. The re- 
sults are in ment with the idea expressed by 
Liiuger et al. (1944), that the DDT molecule con- 
sists essentially of a toxic (aromatic) portion chemi- 
cally combined with a carrier (chloral) portion, the 
latter being considered chiefly responsible for the 
penetration properties of the molecule. 

Rough estimates of minimum lethal doses for the 
more toxic compounds were made from the data; in 
general, these doses seemed to be greater for com- 
pounds that had higher water solubility, suggesting 
that the more water-soluble compounds might be 
excreted more readily than the others. 

Some of the compounds are known to be oxidized 
by the cytochrome enzyme system, and three of 
these (the first three in group (4)) long have been 
used in the histochemical detection of indopbenol 
(cytochrome) oxidase. These facts, together with the 
results given above, suggest that an effect upon the 
cytochrome oxidase system in the insect might be a 
part of the mode of action of DDT.—7-25-45. 
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The Toxic Gases of Lime-Sulfur 
Cyrit E. Apspotr 


When ordinary air is passed through a solution of 
lime-sulfur, free sulfur is precipitated and gases are 
evolved. The gases are distinctly toxic to insects. 
This toxicity has generally been attributed to the 
presence of sulfur dioxide, but it has always seemed 
to me that insecticidal action depends primarily 
upon the presence of hydrogen sulfide. To judge from 
the evidence afforded os the human olfactory organ’ 
hydrogen sulfide is generated in far greater quantity 
than sulfur dioxide. Furthermore, although both 
gases are strong reducing agents, hydrogen sulfide is 
chemically the more active of the two. Finally, tests 
of the comparative toxicity of the two gases give re- 
sults which indicate that hydrogen sulfide is more 
toxic than sulfur dioxide. 

By way of illustrating my last point, an example 
may be described here. Figure 1 illustrates the effect 
of each of the two gases upon the heart rate of speci- 
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mens of Passalus cornutus. Each specimen, with the 
ely tra removed, was exposed to a flow of concen- 
trated gas in a transparent chamber, and the heart 
aciion observed by means of a binocular magnifier. 
Time intervals were determined by means of a stop- 
watch. Since the dorsal abdominal wall of Passalus 
is quite transparent, observations of heart action are 
easily made. The results indicate that hydrogen sul- 
fide is much more toxic than sulfur dioxide. Similar 
results were obtained in testing the immobilization 
of Polistes fuscatus. 

The chemistry of calcium polysulfides is very com- 
plex, but is sufficiently familiar to entomologists to 
preclude the necessity of further discussion at this 
point. An excellent review of the subject has been 
published recently by Frear (1942). Although now 
rather old, the paper by Debus (1888) is worthy of 
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Fic. 1.—Relative toxicity of SO, and HS as indi- 

cated by their effects on the heart of Passalus 
cornutus 


consideration. Others of interest have been published 
by Wilcoxen & McCallan (1930), Goodwin & Mar- 
tin (1928, 1929), and Liming (1930). None of these 
papers discusses at length the possible action of car- 
bon dioxide upon lime-sulfur, although Frear men- 
tions the fact that carbon dioxide decomposes the 
material. 

When air freed of carbon dioxide is passed through 
solutions of lime-sulfur the decomposition of the lat- 
ter requires hours or even days. Yet air containing 
small quantities of carbon dioxide decomposes the 
material completely in less than two hours, and a 
mixture of equal parts of air and carbon dioxide will 
do so in little more than half an hour. Decomposition 
results in the formation of the products already men- 
tioned and a number of salts which remain in solu- 
tion: the latter probably consist of calcium sulfite, 
calcium thiosulfate, and the polythionates of cal- 
cium. 

A technique was devised to determine the relative 
quantities of hydrogen sulfide and sulfur dioxide 
generated by the decomposition of the lime-sulfur. 
An ordinary, small, gas generator, such as those as- 
sembled by students in beginning chemistry, sup- 
plied the carbon dioxide. To it was attached an air 
pump which delivered a liter of air per minute. The 
mixture of gases from the air pump and generator 
were then conducted into a 500 cc. container which 
held the lime-sulfur solution. By means of stop- 
cocks and a manometer the flow of gases was kept 
reasonably constant. The gases which came from the 
lime-sulfur were collected, at successive, equal in- 
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tervals, in numbered test tubes, each of which con- 
tained 10 ce. of M/2 silver nitrate solution. It is 
comparatively easy to separate the resulting sulfide 
from the sulfite of silver, since the latter is soluble in 
ammonium hydroxide while the former is not. The 
lime-sulfur solution contained about 0.1 gm. of poly- 
sulfides per ml. 

The precipitate formed was collected on filter pa- 
per, washed with water, and then with ammonium 
hydroxide, the latter being collected and evaporated. 
Upon partial evaporation, a precipitate of silver sul- 
fite formed and was collected on filter paper. 

The samples were dried and weighed. They con- 
stituted two series: one consisting of silver sulfide 
collected at intervals of about 3 minutes throughout 
the decomposition of the lime-sulfur, and the other 
of silver sulfite samples collected at the same inter- 
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Fia. 2.—The relationship between SO, and HS gen- 
erated from calcium polysulphides and their relation 
to insect mortality. 


vals. Hence the former represented the approximate 
quantities of hydrogen sulfide generated; the latter 
the quantities of sulfur dioxide. 

A test was also made to determine the lethal 
power of the combined gases during different periods 
of their generation. Using the apparatus already 
described, the gases were conducted into a series of 
containers, each of 800 ec. capacity, and each con- 
taining 50 adult specimens of Lucilia sericata. The 
containers, after an exposure of 3 minutes each to the 
gases, were left open until some of the flies became 
active: they were then loosely plugged with cotton 
and left for 24 hours. At the end of that period the 
dead flies were counted and recorded as a percentage 
of the number used. That the mortality of the flies 
was the result of the sulfurous fumes and not of the 
carbon dioxide is indicated by the results of the fol- 
lowing check test: 


Table 1.— Comparative toxicity of gases for 
Lucilia. 








Per Cent Moripunp IN 

PERIOD OF (1) Carbon (2) Sulfur 
EXPosuURE dioxide gases 

5 minutes 0 10 

10 minutes 0 22 3 
20 minutes 5 $2 | 
30 minutes 6 44 
45 minutes 17 78 
60 minutes 22 92 
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An examination of figure 2 enables one to draw 
some interesting conclusions. First, it is obvious that 
the sulfur dioxide evolved is small in quantity, and 
that this quantity rapidly decreases. At its period of 
maximal increase the production of hydrogen sulfide 
falls. It is known that sulfur dioxide and hydrogen 
sulfide reduce each other: this is what happens in 
Wackenroder’s solution as described by Debus. Evi- 
dently this is what happens in the production of 
gases from lime-sulfur, and since hydrogen sulfide is 
in excess, free sulfur dioxide soon ceases to appear. 
This explains why the mortality curve of the flies 
follows aden sulfide production: hydrogen sul- 
fide is the only gas present in a concentration suffi- 
cient to kill.—12-28-44. 
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An Unusual Habit of The Pecan 
Budmoth in Florida 


Artraur M. Parups, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine* 


On November 6 and 7, 1944, while pecan shucks 
infested with the immature stages of the hickory 
shuckworm, Laspeyresia caryana (Fitch), were being 
collected, a large number of larvae and pupae of 
another insect were observed. These larvae and 
pupae were tentatively identified by the writer as 
the pecan budmoth, (retchena bolliana (Sling.), and 
a number of them were collected and carried to the 
insectary for observation. Adult moths began to 
emerge November 9, and the previous identification 
was confirmed.? 

It was noted that the budmoth larvae and pupae 
were between the shuck and nut, and that the pupae 
were webbed up in the opening between the sections 
of the shuck (Fig. 1). The frass in the webs around 
the pupae indicated that the larvae had fed on the 
shucks before pupating. This was also noted in later 


1In cooperation with the Florida Agricultural Experiment 
Station, Pecan Investigations Laboratory, Monticello, Fla. 

2 Identification was also later confirmed by Carl Heinrich of 
the Division of Insect Identification of this Bureau and J. R. 
Watson of the Florida Agricultural Experiment Station. 
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observations, and on December 4 one larva was 
found working inside the shuck. 

The pecan shucks infested with the budmoth 
were still fairly green when collected, and were of 
the Waukeenah, Frotscher, and Moore varietics, 
About 3 bushels of these shucks were put in screened 
cages near the insectary for observations on emerg- 
ence of moths. 


Fic. 1.—Larva and pupae of the pecan budmoth in 
pecan shucks. 


The following record of emergence of the adult 
budmoths from the pecan shucks that were collected 
shows the period of emergence and also gives some 
idea of the intensity of the infestation: 


NUMBER 
or Morus 


NUMBER 
1944 or Morus 1944 
EMERGED EMERGED 
Nov. 9 Dec. 8 1 
10 ll S 
13 15 10 
14 16 27 
16 19 
17 20 
18 21 
20 22 
21 23 
22 27 
23 28 
24 29 
25 30 
27 1945 
25 Jan. 4 
6 
Feb. 12 
16 


Tota] 334 


ft is interesting to note that moths emerged 
throughout December even though the weather was 
unusually cold for this area. The minimum tempera- 
ture for the month was 22.5° F. on December 15. 

Because the pecan budmoth is considered to be 
primarily a bud feeder, it is assumed that this late 
brood of larvae migrated from the buds to the pecan 
nuts for some unusual reason, since a search oul 
lished literature has failed to reveal any previous 
records of such a migration, or of the pecan budmoth 
having been reared from pecan shucks.—8-3-45. 
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Reemployment of Entomologists Returning from Military Service 


The re-employment of entomologists 
who left their jobs to join the armed forces 
particularly concerns the men and women 
whose work was interrupted. It also 
greatly concerns the agencies which lost 
their services. The entomologists who 
engaged in the war effort represent all the 
fields of activity upon which the profes- 
sion of economic entomology rests, rang- 
ing from the highly specialized work of 
the taxonomist to the duties of the plant 
quarantine inspector guarding our borders 
against the invasion of new insect pests. 
The part played by entomologists in the 
war, many of them for the first time being 
classified by the military as ENtomMoLo- 
GiIsts, is a well-deserved recognition of 
our profession and a source of satisfaction 
to all of us. In any consideration of re- 
employment of the veterans returning 
from military service, we cannot overlook 
the continued employment of those who 
remained at home and carried on under 
the stress of the war effort and the limita- 
tions of manpower and materials. The 


protection of our agricultural crops and 
the health and working ability of our 
rural labor from injury and loss by insects 
is a national problem of the first magni- 
tude. There is need for entomologists in 
every state and federal agricultural agency 
and in industry to meet the demands for 
crop protection, since insect injury is the 
leading limiting factor in production. 

To assist in the problem of reemploy- 
ment of entomologists returning from 
military service, the following committee 
has been appointed: E. N. Cory, College 
Park, Md., Chairman; Roger C. Smith, 
Manhattan, Kans.; and. L. M. Peairs, 
Morgantown, W. Va. To this committee 
has been assigned the large task of gather- 
ing and arranging information on the 
availability of entomologists returning 
from military service for reemployment, 
and on the demand for trained and expe- 
rienced personnel. The cooperation of all 
interested in the continued welfare of the 
profession of economic entomology is 
enlisted. D. L. Van Dive 


561,671,098,434 Reasons Why Your Journal Has Been Late 


Readers of the JourNAL have shown 
remarkable consideration in the matter of 
delays in the appearance of the issues of 
the JouRNAL during the war years and 
this consideration has been appreciated 
by the editor and by the publishers. 
While it is probably true that the editor 
has covered some of his own deficiencies 
under the blanket plea of “war condi- 
tions” in the printing business, it is still 
true that real difficulties were encountered 
by the printers. The following statement, 
prepared by Mr. Adolph J. Hyson, of the 
Geo. Banta Publishing Co., and printed 
in the shop magazine Nightmare, issued 
by the plant, gives some of the details 
which must convince all of us that the 


difficulties were very real. And, in addi- 
tion, the matter is of great interest to any 
reader. 


NOW IT CAN BE TOLD 
A. J. Hyson 


In the first days of the historic Decem- 
ber of 1941, the Collegiate Press was a 
busy mid-Western printing plant engaged 
in the peaceable pursuit of manufacturing 
a diversified and more or less hetero- 
geneous species of books and magazines. 
The Monday morning of December 8, 
however, saw the first signs of a change 
from peace-time printing to war-time 
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essentials which, as the war progressed, 
diverted approximately forty-seven per 
cent of our productive capacity into the 
channels of governmental “musts.” 

Unlike the great automotive plants, 
steel mills, and the hundred-and-one 
other manufactories about the country, 
which all saw drastic and complete 
change-over in machines and equipment, 
the Collegiate Press simply changed over 
to a manufacturing program of a different 
species of books—books with far from 
peace-time subject matter. 

Before the echoes of the Pearl Harber 
catastrophe had died down, we were beset 
with a series of countless headaches which 
are concomitant with any such abrupt 
transition. But these headaches had to be 
endured with patience, and the new work 
proceed as best and with what speed it 
might, for the word had gone out from 
Washington and from Annapolis that this 
or that book, in such and such quantities, 
had to be put on our presses—and now! 

There was the big problem of paper 
availability which became progressively 
more difficult. There was the problem of 
man-power shortage which created plenty 
of headaches. Somehow or another the 
chain of obstacles was unlinked, one by 
one and slowly, and we saw the war-time 
printing program through to completion. 

New oe new books, were the order of 
the day. Navy men came to the plant to 
attend pe rsonally to the myriad minutiae 
inherent in the preparation of copy, the 
reading of galley and page proofs, the illus- 
trations, paper, inks, cloth, etc. Once 
started, the cylinders of the presses and 
the machines of the bindery whirred cease- 
lessly. In brief, we were committed defi- 
nitely and in a big way to our part in the 
war effort. 

“What was your contribution to the 
war?” “What did you print, and how 
many books?” are questions frequently 
asked by the interested or the curious. 
The answer to the questions is the major 
purpose of this story of achievement. 
With the advent of V-J day we can tell 
the story, and the preceding paragraphs 
are but the preface to the statistics which 
will shortly follow. 

It is obvious that so great a diversion of 
presswork and binding to war require- 
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ments had a very definite and direct reac- 
tion on our peace-time accounts and 
clientele. It was with sincere regret that 
we were compelled at times to disappoint 
some customer. New work, possible of 
acceptance with thanks during peace- 
time, had to be turned down—there just 
weren't enough man-hours, men and 
machines to 
demands. 

Production plans and schedules were 
impossible of maintenance; a working 
schedule planned in the morning would be 
disrupted and changed through a diree- 
tive or a priority plea by noon. And so it 
went; customers given a promise made in 
good faith were at times sadly disap- 
pointed—their work had to be delayed 
when war requirements demanded. The 
happy thought arising from remembrance 
of this turmoil is that at no time was a 
customer deeply disgruntled or impatient 
over a situation over which we had no 
control. 

Altogether we printed 53 different titles 
for training purposes or instruction in 
the armed forces. 

As the war progressed, the Army and 
Navy set up an intensive educational pro- 
gram for the men in service. This or- 
ganization is known as “T he United 
States Armed Forces Institute,” and 
their publications came to be known as 
“USAFI” (yii-sa’fee) books. Topics 
treated in the series are mechanics, arith- 
metic, physics, mechanical drawing, fore- 
manship, grammar, foreign languages, ete. 

Some interesting figures may be arrived 
at by an analysis of the printing records. 
For example, the books which were 
printed for the navy alone represent the 
amazing total of 5,092,998, encompassing 
the astronomical number of 561,671,098,- 
434 pages. Paper poundage was 6,805,651 
—$,400 tons, which would make “f a 
train of 124 cars—almost one mile i 
length—each containing 55,000 Bore 

Paper consumption for the USAF se- 
ries: 3,068,672 pounds—4,728,204 books, 
1,500 tons, a trainload of about 56 cars 
about one-half mile long. 

That’s the story of our part in the war 
effort, and the answer to the oft-asked 
questions “What did you print, and how 
much and for whom during the war?” 
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sap or begin with different associations. Most institu- ar oe . Bias : . 
ved ne Members of this association will be required 
yer tional employers have held positions open for t : ; 
1 . 7. . d o pay a fee of $1.00 for registration per year. 
lhe returning service men, using temporary help or by Non-members who may wish to enroll will be 
nee putting additional loads upon those who re- adiiend ad rd 2.00. The Associati ~. 
, ined. ines sack al ie cna faite required to pay a fee of $ 00. The Association ts 
iS mained. Under such circumstances, it was forta employing, on a part time basis, an entomologist 
se nate that in the teaching field, the paucity of +4 Oe ade “Bac , sti t gis 
ient br. ~f is : , who will have charge of the indexing and the selec- 
students, a condition that will continue for several tion of the entomologists to be submitted on the 
no years, made possible shifts of emphasis. The _ . —— “wt : — 
. . : basis of their training, experience, skills and in- 
Bureau of Entomology and Plant Quarantine, t ae Tate Sage 2 
' z ; ists. TI erests to prospective employers. In so far as 
employs nearly half of the entomologists. Those : ; 
tles yr : : , possible, each prospective employer will be fur- 
< wishing federal appointments should qualify for ished walle the aunt. “eieieaie tell lien 
e appointment with the Civil Service Commission. information of as many re istered entomologists 
There is, as a result of the major role of insect a: Metta crn 
- ‘ as the records indicate as most nearly meeting the 
and borne disease control and the widespreaa public- eager: # 
ATU saw Ghent @ suaeiie aiieeiied Ualaaene im alt specifications of the employer seeking an em- 
»ro- SS ployee.” 
phases of insect control. Industry, for example, oy ler tl his . f . ‘ill 
or- ape oy it cael eeenteal n order that this service may function, wi 
is keenly alive to the need for additional research you please return your questionnaire promptly 
ited and sales promotion and it has enlarged the scope ae ah ’ = wed eager 4 A 
ret : ; whether you do or do not desire the services of this 
and of its endeavor. Agencies that heretofore have had ‘ttee.” 
we little to do with insect control such as the U. S. eS 
‘= Public Health Service, the Chemical Warfare Very truly yours, 
pies Service and the Fish and Wildlife Service are Roger C. Smitn, Ernest N. Cory 
ith- capitalizing on the new materials and techniques AND L. M. Peairs 
ore- 
ete. UnrncLosep Ber CoLony 
ved Located at an elevation of eleven-hundred fifty 
rds. feet above sea level, twelve miles northwest of 
ere Clarksburg, on Peters run, Harrison county, West 
the Virginia. Attached to a shell-bark hickory tree limb, 
. parallel with and forty-five feet above the ground. 
Ing Telescopic examination reveals that comb is at- 
38,- tached only to under side of limb, at fork junction, 
651 twenty-five feet distant from bole. 


The uninclosed bee edifice 1s composed of seven 
elongated discs of comb, and the entire structure will 
measure approximately fourteen by twenty inches. 
Each disc is fully two inches thick at center and is 
tapered to an outer feather-edge and, apparently, 
welded together on about a six-inch central mass. 
Space provided by the tapering disc design is fully 
occupied by bees. The visivle area of com pleted cells 
disclose much space yet unfilled with honey. The 
comb discoloration is slight, perhaps indicating that 
the structure is of recent origin and has not with- 
stood the test of an Allegheny mountain winter. 

Progressing construction is on a series of fan- 
shaped, half-dise additions, attached to the ends of 
the structure and, when completed, will provide an 
uninterrupted circle of evenly spaced dises. 

The colony was observed by Dr. H. H. Hanes and 
H. P. Sturm. 
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Ralph Benrp Smith, 1888-1945 


Ralph Henry Smith was born on a farm at Kin- 
caid, Anderson County, Kansas, June 7, 1888. He 
died at his home, 1634 Greenfield Avenue, Los 
Angeles, California, early Saturday Morning, Sep- 
tember 22, 1945. His parents were pioneer farmers 
and he lived the usual rigorous life common to his 
times on the mid-western farm. He attended the 
country schools in Kincaid and spent two years at 
the Garnett High School after which he took the 
county examination for teachers, which he passed, 


and taught two terms in a country school before he 
was twenty years old. In 1908 he entered Kansas 
State Teachers’ College at Emporia where he gradu- 
ated in 1914. He taught for one year in the high 
school at Blue Rapids, Kansas and was Superin- 
tendent of Schools in Irving, Kansas, for the next 
two years. In 1915 he entered the University of 
Kansas and received the A.B. degree in the spring 
of 1916. In July of that year he received a teaching 
fellowship at the Oregon State College at Corvallis. 
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October 1945 


In 1917 he entered the University of California at 
Berkeley where he was a teaching fellow in Zoology 
and received his M.A. degree there in May, 1918. 
He was immediately sent by the Federal Govern- 
met to take charge of a war emergency project on 
the control of clover aphis at Twin Falls, Idaho. At 
the end of the war the Idaho Agricultural Experi- 
ment Station took over the work and established a 
sub-station at Twin Falls with Mr. Smith in charge. 
The results of these investigations appeared in 
Research Bulletin No. 3, Idaho Agricultural Experi- 
ment Station, January, 1923, under the title: The 
Clover Aphis: Biology, Economic Relationships and 
Control. This bulletin was thorough in every detail 
and the illustrations set a high standard of excel- 
lence. He also began work on the control of codling 
moth at that time and stayed in Twin Falls until 
March, 1922. He then went to San Francisco and, 
while working as research entomologist for the 
California Central Creameries, he developed the 
casein spreader now so widely used in sprays. Dur- 
ing the two years he worked on that project he con- 
tinued the codling moth investigations and visited 
practically every state and all the important apple 
growing districts in the United States. In the fall of 
1924 he reentered the University of California at 
Berkeley, completing the work on his Ph.D. in the 
spring of 1925. His doctor's thesis was “Studies with 
Freshly Hatched Larvae of the Codling Moth, 
Carpocapsa pomonella (Linn.) in Relation to the 
Efficacy of Lead Arsenate in Protecting Apples 
against Injury.” In this thesis he set forth the idea 
that “the protective effect of any coverage varies 
directly with the poison concentration. The rela- 
tively high protectiveness of the spotted coverage, 
compared with the film coverage, is due to the 
thigmotactic response of larvae to thick edges of 
spray deposits.” 

He then accepted a position as Acting Assistant 
Professor in the Entomology Department at Stan- 
ford University during the fall and winter term of 
1925-26. In March of 1926 he received an appoint- 
ment as Assistant Entomologist in the University 
of California Citrus Experiment Station at Riverside 
and began work on oil sprays. During the 10 years 
he spent at Riverside he developed and perfected 
the tank mix oil spray, which has been used the 
world over. He was promoted to Associate Ento- 
mologist in 1927 and to Entomologist in 1931. He 
was also given the additional title of Lecturer in 
Entomology and Entomologist in the Experiment 
Station when transferred to the University of 
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California at Los Angeles in 1986 where he was in 
charge of the entomological work on that Campus 
which was under the general supervision of Prof. 
H. J. Quayle and subsequently Dr. A. M. Boyce of 
the Division of Entomology, Citrus Experiment 
Station at Riverside. In 1937 he was advanced to 
Professor of Entomology. While at Riverside, he 
served on the City Board of Education and was 
particularly active in the development of better 
school facilities in that city. 

Since that time he has investigated the insects 
affecting ornamental plants and devised means for 
their control. 

During the past few years Dr. Smith made out- 
standing contributions in studies of the life history 
and control of the sycamore scale, Stomacoccus pla- 
tani Ferris and the nigra scale, Saissetia nigra 
(Nietner). His surveys of the insects attacking 
flowering and greenhouse plants were very thor- 
oughly and carefully made and his notes are of great 
value. He was also very much interested in plant- 
infesting mites and made extensive collections of 
these pests throughout the West. 

In January, 1933 he was invited by the Citrus 
Growers of Texas to visit the Lower Rio Grande 
Valley and to advise them concerning especially the 
use of oil sprays for controlling red scale in that 
region. 

At the time of his death he was conducting ex- 
tensive experiments on the uses of the new insecti- 
cide, DDT, in the control of insect pests of orna- 
mental plants. He was also preparing manuscripts 
for two books: one “The Insect Pests of Ornamental 
Plants in the United States” and the other: “The 
History of Oil Sprays.” 

Dr. Smith published very many articles in jour- 
nals, bulletins, circulars and agricultural papers, 
all of which have constituted worthy contributions 
to science. In 1914, at Bonne Terre, Missouri, he was 
married to Sarah Fake, a fellow school teacher from 
Irving, Kansas, who survives him, along with four 
sons: Norman, Hamilton, Gordon, and Stanford. 
His mother, two brothers, and three sisters, all of 
whom live in Kansas and Oklahoma, also survive. 

Although he was never a very strong man his 
ambitions and determination drove him to great 
heights of endeavor and he accomplished unbe- 
lievable results in many walks of life. His splendid 
character, high ideals, absolute honesty, and friend- 
liness made him a man of great worth in his home 
life, in society, and in his profession. 


E. O. Essia 





